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INTEODUCTION 

TO  THE  THIED  EDITION. 

In  order  to  render  tMs  edition  more  valuable  to  the 
hydraulic  engineer  the  work  has  been  again  consider- 
ably extended  by  the  insertion  of  several  new  formulae, 
experimental  coefficients,  and  general  estimates  of  cost. 
It  is  hoped  that  the  extent  and  practical  nature  of 
ihese  additions,  wUl  render  the  book  still  more  useful 
than  before,  to  meet  the  ever-varying  requirements  of 
ihe  profession  in  connexion  with  rivers  and  water- 
works. The  experiments  of  Mr.  Mallet  on  syphons 
made  in  1843,  and  printed  in  Weale's  Quarterly  Papers 
on  Engineering,  have  been  reduced.  New  formulae  are 
given  for  finding  the  discharge  from  syphons,  flood- 
sluices,  and  tidal-sluices.  '  The  practical  formulae  for 
gauging  by  weirs  have  been  added  to.  The  arrange- 
ment of  the  matter  is  in  some  places  altered,  and  some 
portions  of  the  former  introductions  transferred,  at 
their  proper  places,  to  the  text,  and  others  are  retained 
here. 
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At  page  85  the  erroneous  practice  of  different  engi- 
neers in  giving  only  two-thirds  of  the  coefficient  of 
discharge  for  weirs  is  noticed.  This  practice  assumes 
that  the  theoretical  discharge  from  a  notch  is  the  same 
as  if  all  the  particles  of  water  had  the  same  mean 
theoretical  velocity  as  those  undermost,  which,  being 
too  large  by  one-third,  the  experimental  coefficient  has 
to  be  reduced  in  the  same  proportion  to  give  a  correct 
result.  There  is  no  reason  for  sanctioning  a  different 
coefficient  for  notches,  or  orifices  at  the  surface,  and 
for  simk  orifices.  The  coefficients  when  ia  thin  plates, 
with  large  cisterns,  have  nearl}'  the  same  general  value, 
•615  to  '628,  for  both,  and  it  tends  to  confusion  to' 
adopt  in  one  place  a  coefficient  for  a  correct  formula, 
and  in  another  a  coefficient  for  an  incorrect  one  ;■ 
although  the  final  result,  by  an  equality  of  contrary 
errors,  may  be  the  same.  I  may  here  observe  how 
very  general  the  coefficient  of  two-thirds,  and  there- 
abouts, is  for  all  orifices  and  notches ;  likewise  for  the 
useful,  effect  derived  from  the  appKcation  of  water- 
power  ;  as  well  also  for  the  relation  of  the  velocity  due- 
to  the  fall  and  the  velocity  of  water  wheels  to  give  a 
maximum  result.  The  modifications  of  coefficients, 
dependent  on  the  position,  thickness,  form,  and  ap- 
proaches of  an  orifice,  are  as  yet  little  understood  by 
the  profession.  The  defects  in  the  ordinary  formula 
when  the  velocity  of  approach  has  to  be  considered  are 
pointed  out  in  pages  88  to  124,  and  it  is  to  be  regx-etted 
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that  the  authority  of  some  writers  on  the  subject  has 
misled  many  as  to  the  correct  form.  Before  the  effec- 
tive power  of  a  water-wheel,  or  water-engine,  can  be 
determined,  we  must  know  how  to  gauge  the  water 
■supplied  to  it  correctly.  This  can  be  done  only  by  the 
application  of  formulge  and  coefiEicients  varied  to  suit 
the  circumstances  of  the  case  under  consideration. 
Prom  causes,  which  it  is  not  necessary  to  enter  into 
here,  this  has  seldom  been  done,  and  very  little  depen- 
dence can  be  placed  on  results  obtained  by  the  formula 
in  common  use  when  applied  generally.  It  is  pleasing 
to  follow  Mr.  Francis  and  Professor  J.  Thomson 
through  the  steps  by  which  they  get  the  effective 
power  of  their  wheels,  and  I  have  accordingly  made 
considerable  use  of  their  labours  in  Section  XIV. 

In  practice,  the  irregular,  sometimes  sloping,  broken 
and  jagged  crests  of  most  weirs,  on  larger  rivers,  render 
any  close  estimate  of  the  quantity  passing  over  quite 
uncertain,  especially  for  lesser  depths,  unless  where 
the  observer  has  a  large  scientific  experience ;  and  the 
quantities  are  generally  too  large  to  apply  the  ordinary 
.  notch-gauge.  In  such  cases  it  is  better  to  measure  the 
flow  of  the  river,  stream,  or  mill-race,  from  the  cross 
.section  and  the  observed  mean  velocity.  Frequently, 
however,  this  method  presents  another  difficulty,  ia  an 
irregular  channel,  where  the  depths  and  velocities  vary 
•considerably  in  the  same  cross  section,  and  where  the 
•cross  sections  themselves  vary  in  short  distances  apart. 
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In  such  cases  I  have  often  found  it  necessary  to 
divide  a  selected  stretch  into  two  or  more  longitudinal 
sections,  determining  the  cross  section  and  mean  velo- 
city t»f  each,  and  taking  the  sum  of  the  results  for  the- 
flow :  which  may  be  checked  off  by  like  admeasure- 
ments on  a  different  stretch  of  the  channel. 

Long  solid  stone  weirs,  with  an  enlarged  weir  basin 
in  connexion  with  mills,  to  regulate  the  head  and  to 
j)ond  water,  above  a  water-wheel,  have  especial  advan- 
tages for  this  duty ;  but  their  application  for  the  pur- 
pose of  keeping  down  the  head,  and  to  effect  drainage 
for  long  distances  up  a  river,  without  a  sluice,  or  fall- 
ing crest,  see  page  290,  was  marvellous — unless  for  the 
draiuage  of  capital.  In  November,  1849,  in  connexion 
with  a  paper  on  the  Benburb  Mills  and  Weir  case, 
page  283,  I  drew  the  attention  of  the  Institution  of" 
Civil  Engineers  of  Ireland  *  to  the  misapplication  of 
such  long  solid  weirs  on  the  Shannon,  for  navigation 
and  drainage  purposes.  The  "Arterial  Drainage 
Commissioner,"  on  the  Board  of  Works,  who  was- 
present,  "pooh-poohed"  the  inferences;  but  the 
failure  of  those  works — rather  the  injury  they  do — has- 
since  become  patent  to  all ;  and  after  an  expenditm-e 
of  about  £600,000,  an  Act  has  been  passed  for  the 

*  This  paper,  although  read  at  the  special  request  of  the  President,, 
then  Chairman  of  the  Board  of  "Works,  and  ordered  to  be  printed,  did' 
not  appear  in  the  Transactions,  but  its  substance  afterwards  became 
the  nucleus  of  our  First  Edition.  The  Commissioner  of  Drainage  was 
one  of  the  A''ice-Presidents,  and  the  author  a  Member  of  Council  at  the- 
time. 
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outlay  of  another  £300,000,  a  moiety  of  which  the 
riparian  proprietors  are  again  expected  to  contribute. 
This  amount  is  proposed  to  be  now  expended  in  order 
to  remedy  the  misapplication  of  a  large  portion  of  the 
first  sum,  £300,000  of  which  had  to  be  paid  by  the 
proprietors  of  the  adjacent  counties,  without  having 
had  any  control  over  its  expenditmre. 

Since  the  Eeport  of  the  "  Commissioners  of  Inquiry 
into  the  Arterial  Drainage,  in  eleven  districts  in  Ire- 
land," see  pages  396,  397,  and  398,  and  the  removal 
of  the  Arterial  Drainage  Commissioner,  Treasury  Mi- 
nute, 24th  June,  1853,  drainage  works  have  been 
carried  on  under  a  better  system.  The  riparian  pro- 
prietors of  the  Shannon,  however,  if  again  taxed, 
should  have  power  to  nominate  an  engineer  of  their 
own  selection,  to  consult,  act  with,  or  control,  if  neces- 
sary, any  engineer  selected  by  the  Treasury,  or  by  the 
Commissioners  of  PubUc  Works,  and  to  see  after  and 
protect  their  special  interests.  The  system  of  execut- 
ing works  solely  by  or  under  the  staff  of  the  Government 
in  Ireland,  to  the  cost  of  which  districts  or  individuals 
contribute,  has  not  been  successful,  and  has  not  given 
satisfaction.  When  the  Treasury  is  solicited  to  lend, 
or  to  contribute  for  State  purposes,  the  control  exer- 
cised by  the  Board  of  Public  Works  and  its  engineers, 
with  reference  to  the  plans,  estimates,  and  specifica- 
tions submitted,  is  of  much  value  ;  but  the  sooner  the 
system  adopted  for  drainage  works  since  1853  is  gene- 
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rally  carried  out,  and  persons  to  be  taxed  for  the 
Shaimon,  or  for  piers,  harbours,  and  other  works,  are 
also  permitted  to  have  a  voice  in  the  engineering  plans, 
audi  fair  control  over  their  execution,  the  better  for  the 
State  and  for  all  parties  immediately  interested. 

The  Tables,  from  I.  to  XIV.,  at  the  end  of  the 
volume  are  all  original,  with  the  exception  of  Table  I., 
which  contains  the  weU-known  coefficients  of  Poncelet 
and  Lesbeos  ;  but  these  are  newly  arranged,  the  heads 
reduced  to  English  inches,  and  the  coefficients  for 
heads  measured  over  and  back  from  the  orifice,  placed 
side  by  side,  for  more  ready  comparison.  The  coeffi- 
cients in  the  small  Tables  throughout  the  work  were 
all  calculated  by  the  author  from  the  original  experi- 
ments ;  the  formulae  have  been  carefully  investigated, 
and  the  continental  ones  reduced  to  English  measures 
— some  of  them,  as  will  be  seen,  for  the  first  time. 

The  correction  of  some  of  the  experimental  formula, 
particularly  the  continental  ones,  as  printed  in  some 
English  books,  cost  the  author  some  labour.  Even 
Du  Buat's  weU-known  formula  is  frequently  misprinted  ; 
and  in  a  hydraulic  work,  s/J--!,  one  of  the  factors,  is 
printed  \/d—  -1  in  every  page  where  it  is  given.  It  is  not 
always  that  such  mistakes  can  be  avoided,  but  experi- 
mental formulae  are  so  often  copied  from  one  work  into 
another  without  sufficient  examination,  that  an  error 
of  this  land  frequently  becomes  fixed;  and  when  ap- 
pKed  to  practical  purposes  erroneous  formulae  get  the 
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correct  ones  into  disrepute.  See  note  to  formula  (91), 
page  218. 

The  Tables  of  velocities  and  discharges  over  weirs 
and  notches  have  heen  calculated  for  a  great  numher 
of  coefficients  to  meet  difpeeent  circumstances  of 
APPROACH  AND  OVERFALL,  and  for  various  heads  from 
:jth  of  an  inch  up  to  6  feet.  Table  II.  emhodies  the 
velocities  acquired  by  falling  bodies  under  the  head  of 
*'  theoretical  velocity,"  and  the  velocities,  suited  to 
various  coefficients,  for  heads  up  to  40  feet. 

The  formulae  (45),  (46),  (45a),  and  (46a.),  for  calcu- 
lating the  effects  of  the  velocity  of  approach  to  orifices 
and  weirs,  and  the  necessary  corrections  for  the  ratio 
of  the  channel  to  the  orifice  at  pages  88  to  114,  as  well 
as  Table  V.,  I  believe  to  be  original.  They  will  be 
found  of  much  value  in  determining  the  proper  coeffi- 
cients suited  to  various  ratios.  The  remarks  through- 
out Section  IV.  are  particularly  applicable  to  the 
proper  understanding  and  use  of  this  Table.  The 
hypothesis  from  which  formulae  (44),  (45),  and  (46)  are 
derived,  page  96  and  97,  and  from  which  Table  V.  is 
calculated,  was  framed  for  the  purpose  of  giving  prac- 
tical results  when  the  orifice  a  approximates,  in  size, 
to  the  channel  c.  They  are  less  than  those  derivable 
from  formulae  (44a),  (45a,),  and  (46a),  which  give,  for 
every  value  of  the  coefficient  Cj,  infinite  results,  when 
A  =  c ;  and  results  much  too  large  in  practice  as  the 
values  of  A  and  c  approximate.     As  the  values  of  the 
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coefficients  for  (45a)  and  (46a)  can  be  immediately- 
deduced  from  the  last  two  columns  of  that  Table,  by 
using  the  values  therein  given,  for  the  ratio  of  the 
channel  to  the  orifice,  as  multipliers,  for  any  primary 
coefficient  q,  as  pointed  out  in  the  text,  the  resulting 
or  SECONDARY  Coefficients  for  both  sets  of  formulae  can 
be  compared  with  much  advantage. 

Table  VII.  of  surface  and  mean  velocities  will  be- 
found  to  vary  from  those  generally  in  use,  and  to  be 
much  more  correct,  and  better  suited  for  practical 
purposes,  particularly  when  applied  to  finding  the 
mean  velocities  in  rivers. 

The  Tables  at  pages  270  and  271  being  for  a  mean 
width  of  100  feet,  will  be  found  perhaps  more  generally 
applicable  to  river  channels  than  Tables  XI.  and  XII., 
for  a  mean  width  of  70  feet.  The  Tables  at  pages 
28,  29,  146,  and  199  give  similar  results  for  long  and 
short  cylindrical  pipes.  The  formula  (119a),  page  230^ 
for  finding  the  velocity  in  pipes  and  rivers,  is  general 
in  its  practical  application. 

The  loss  of  head  from  friction  in  a  uniform  water 

channel  is  A  =  |  —  )  X  —  in  which  the  value  of  m 


=(-yx- 

\  m  /        r 


for  feet  measures  may  be  taken  from  the  Table,  page 
231,  with  reference  to  the  velocity  v.  The  loss  is 
therefore  directly  as  the  length  of  the  channel,  directly 


as 


(  —  j  ,  and  inversely  as  the  hydraulic  mean  depth 
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— which  is  one-fom-th  of  the  diameter  for  a  cylindrical. 
pipe.  I  have  known  an  engineer  of  considerable 
practice  take  it  as  proportionate  to  the  inner  surface 
of  a  pipe,  which  was  only  correct  when  the  diameter- 
remained  constant. 

The  Statistics  of  rain-faU,  and  of  catchment-basins. 
have  not  yet  received  the  fuU  attention  which  the  sub- 
jects deserve.  The  distribution  of  rain  gauges  with 
reference  to  elevation,  contour,  temperature,  and  iso- 
thermal lines  has  not  been  sufficiently  attended  to. 
The  connexion  of  the  raia-fall  with  the  discharge  gene- 
rally, for  the  whole  catchment,  for  the  tributary  catch- 
ments, and  their  sub-catchments,  at  the  sea  in  the- 
middle  districts  and  at  the  sources,  noting  the  geology,, 
must  be  observed  for  several  years  before  the  questions 
of  supply,  discharge,  absorption,  and  evaporation  m 
any  climate  can  be  answered.  The  maximum  and 
minimum  discharges  in  each  year  and  series  of  years 
must  be  observed,  as  well  as  the  average  mean  dis- 
charges, and  the  maximums  and  minimums  of  these 
also,  before  the  physical  connexion  of  chmate  and 
catchment  can  be  correctly  ascertained,  and  the  engi- 
neer furnished  with  reliable  data.  Heretofore  obser- 
vations, even  when  of  the  best,  have  been  partial  or 
limited,  and  a  wide  field  is  here  yet  open  to  competent, 
phj'sicists  in  connexion  with  our  drainage  works.  Mr. 
Symons  is  now,  however,  reducing  the  rain-fall  in 
Great  Britain  and  Ireland  to  a  scientific  form. 
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The  general  items  of  cost  given  in  Section  XIII. 
wiU  be  found  of  use ;  they  are  intended,  however, 
jnore  as  guides  than  as  standards  for  estimating  other 
works,  the  cost  of  which  must  depend  on  their  own 
circumstances.  Those  who  have  practical  experience 
■oi  the  differences  between  estimates,  cost,  and  value, 
and  how  they  are  affected  by  changes  of  time,  locality, 
quality,  and  quantity,  will  estimate  for  themselves  in 
detail;  but  the  discrepancies  between  estimates  and 
cost,  even  under  the  same  circumstances,  are  too  well 
known  to  call  for  any  remarks  here. 

A  few  words  about  my  publishers.  The  Messrs. 
Lockwood  and  Co.  having  purchased  the  copyright  of 
the  work,  decided  on  adopting  for  this  edition  a  more 
convenient  size  for  the  engineer  and  student  than  that 
of  the  last  edition;  but  printed  on  paper  as  good, 
.and  with  type  fully  as  clear.  I  have  reason  to  be 
satisfied  with  the  manner  in  which  the  work  is  again 
brought  out  and  published,  and  wish  them  a  full  return. 
I  am  indebted  to  Mr.  E.  Field,  Westminster,  for  some 
observations  and  corrections,  wliich,  coming  after  the 
text  was  printed,  I  have  only  here  to  thank  him  for, 
liaving  made  use  of  them  in  the  errata. 

John  Neville. 

EoDEN  Place,  Dttndalk, 
February,  1875. 
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ORIFICES,  WEIRS,  PIPES,  AND  RIVERS. 


SECTION  I. 

APPLICATION   AND    USE    OF    THE    TABLES,  AND  FOBMULai. 

To  find  the  velocity  of  a  falling  body  from  the  height 
fallen,  or  the  height  fallen  from  the  velocity. 

EuLE. — Multiply  the  square  eoot  of  the  height 

IN  INCHES  BY  27"8,  AND  THE  PRODUCT  WILL  BE  THE 
VELOCITY  IN  INCHES.*  To  FIND  THE  HEIGHT  FROM  THE 
VELOCITY,  SQUARE  THE  VELOCITY  IN  INCHES  AND  DIVIDE 
THE  SQUARE  BY  772*84,  THE  QUOTIENT  WILL  BE  THE 

HEIGHT  IN  INCHES.  See  equation  (1).  Table  II., 
column  1,  will  give  the  velocity  from  the  height,  found 
in  the  column  of  "  altitudes,"  or  the  height  from  the 
velocity,  directly. 

Example  1. — What  is  the  velocity  acquired  -by  a 
heavy  body  falling  ^th  of  an  inch? 

In  the  Table  opposite  to  Jth  of  an  inch,  found  in 
the  column  headed  "  altitudes  h,"  is  found  9*829  in 

*  The  square  root  of  the  height  in  feet  multiplied  hy  8 '025  gives  the 
velocity  per  second  in  feet ;  and  the  square  of  the  velocity  in  feet 
divided  by  6  4 -4  will  give  the  height  in  feet.  The  decimals  may  be 
omitted  in  applications  for  engineering  practice,  and  the  multiplier  8 
and  divisor  64  only  used. 
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column    1,  for  the   required  velocity,  in  inches  per 
second. 

Example  2.^-What  is  the  velocity  acquired  hy  a  fall 
of  11  feet  B  inches  ? 

Opposite  to  il  feet  3  inches,  as  before,  is  found 
323-OOJ  inches,  for  the  velocity  required. 

Example  3. — What  height  must  a  heavy  body  fall 
through  to  acquire  a  velocity  of  4:0j  feet  per  second? 

Here  40J  feet  is  equal  486  inches,  opposite  the 
nearest  number  to  which,  found  in  column  1,  is  found 
25  feet  6  inches  for  the  required  fall.  In  this  example, 
the  nearest  number  to  486  found  in  the  Table  is 
486'301.  The  difference  "801  corresponds,  verynearly, 
to  fths  of  an  inch  in  altitude,  and,  therefore,  the  true 
head  according  to  the  rule  would  be  25'  5f";  but  for 
all  practical  purposes  the  difference  is  immaterial. 
'  By  means  of  Table  II.,  directly,  or  by  simple 
interpolation,  the  velocity  due  to  aU  heights  from  -j-ro 
part  of  an  inch  up  to  40  feet,  can  be  found,  and  the 
heights  from  the  velocities.  For  a  greater  height  than 
40  feet  it  may  be  divided  by  4,  9,  or  some  square 
number,  n^,  and  the  velocity  found  for  the  quotient, 
from  the  Table,  multiplied  by  2,  8,  or  n,  the  square 
root  of  the  divisor,  wiU  give  the  velocity  required. 

Example  4. — What  is  the  velocity^  acquired  by  a  fall 

of  45  feet? 

45 

—  =11'   3''',  the  velocity  corresponding  to  which, 

found  from  the  Table,  is  323-007.    Hence,  323-007 
X   V4  =  328-007    X    2  =  646'''-014  =  53'  10"-014  is 
the  velocity  per  second  required.     The  reverse  of  this 
example  is  equally  simple. 
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Columns  3,  4,  5,  6,  7,  8,  9,  10,  11,  and  12  in  the 
Table,  give  the  values  of  s/2gh  multiplied  by  the 
coefficients  therein  stated.  These  columns  will  be 
found  of  great  practical  use  in  finding  the  mean 
velocities  in  the  vena-contracta,  in  the  orifice,  and  in 
short  tubes;  and  consequently,  also,  in  finding  the 
mechanical  force,  as  well  as  the  discharge.  An 
examination  of  the  coefficients  in  the  small  Tables  in 
Section  III.,  and  also  of  those  in  Tables  I.  and  V., 
at  the  end  of  the  work,  will  show  how  much  they  vary ; 
but  those  most  generally  useful,  and  their  products  by 
the  theoretical  velocity  due  to  different  heads,  up  to  40 
feet,  are  given  in  the  columns  referred  to. 

Example  5. — What  is  the  discharge  from  an  orifice 
4  inches  by  8  inches,  the  centre  sunk  20  feet  below  the 
surface  of  a  reservoir  ? 

From   Table   II.,  is  found  430"676  inches  equal 

35'89  feet  for  the  theoretical  velocity  of  discharge : 

8x4  2 

hence,  -j^   x  35-89  =  9    x  35-89  =  7-976  cubic 

feet  per  second  is  the  theoretical  discharge.  If  the 
discharge  takes  place  through  a  thin  plate,  or  if  the 
inner  arrises  next  the  water  in  the  reservoir  be  per- 
fectly square,  and  the  water  in  flowing  out  does  not 
fill  the  passage  so  as  to  convert  the  orifice  into  a  short 
tube,  the  coefficient  is  found  from-  Table  I.  to  be 
•603.  The  true  discharge  then  is  7*976  x  -603  = 
4"809  cubic  feet  per  second. 

For  the  determination  of  the  coefficient  suited  to 
any  particular  orifice,  and  the  circumstances  of  its 
position,  the  reader  must  refer  generally  to  the  follow- 
ing pages.    If  in  the  example  just  given,  the  arrises 

B  2 
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next  the  reservoir  were  rounded  into  the  form  of  the 
contracted  vein,  see  Fig.  4,  the  coefacient  would 
increase  from  '603  to  "974  or  '956,  for  a  passage  not 
exceeding  a  couple  of  feet  in  length.  "With  the 
former  the  discharge  would  he  7-976  x  "974  =  7-769 
cuhic  feet,  and  with  the  latter  7-976  x  -956  =  7-625 
cuhic  feet.  The  latter  results  may  be  found  other- 
wise from  Table  II.  With  a  head  of  20  feet  and  the 
coefficient  -974,  the  velocity  is  419*48  inches  =  34-957 

2 

feet ;    hence,   the   discharge  is   q   x  34-957  =  7-768 

cubic  feet.     With  a  coefficient  of  '956,  the  velocity  is 

2 
411-73  inches  =  34-31  feet,  and  g    x  34-31  =  7-624, 

cubic  feet.  These  results  are  the  same,  practically, 
as  those  previously  found. 

If  the  inner  arrises  be  square,  and  the  passage  out 
be  from  18  inches  to  2  feet  long,  the  orifice  will  be 
converted  into  a  short  tube,  the  coefficient  for  which 
is  -815.  With  this  coefficient,  and  a  head  of  20  feet, 
find  as  before,  from  Table  II.,  the  mean  velocity 
of  discharge  351  inches   =   29-25  feet ;   hence,  the 

2 

discharge  now  is    q    x    29-25  •-  6-5  cubic  feet  per 

second. 

The  velocities  in  inches  per  second,  given  in  Tables 
II.  and  VIII.,  or  elsewhere  in  the  following  pages,  may 
be  converted  into  velocities  in  feet  per  minute,  by  multi- 
plying by  5;  equal  irp. 

Example  6. — The  discharge  from  a  small  orifice 
having  its  centre  placed  10  feet  below  the  surface  of  a 
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reservoir  is  18  feet  per  minute,  what  will  he  the  discharge 
from  the  same  orifice  at  a  depth  of  17  feet  ? 

The  discharges  will  be  to  each  other  as  VlO  :  Vlf, 
or  as  1  :  vTt  ;  or,  from  Table  III.,  as  1  :  1-3038, 
whence  the  discharge  sought  is  equal  1-3038  x  18  = 
23-4684  cubic  feet. 

Example  7. — What  is  the  value  of  the  expression 
^d  i  1  +  2  _^  2  r  in  equation  (45),  when  c^  =  -617, 
and  m  =  2  ? 

■p.       _c^d -617^      _   -3807   _   ,-_ 

"-^^^m,^  _  c^a  ~  4  -  •617''  ~  3-6193  "  ■^"^^' 

whence  the  first  expression  becomes  equal  to  '617 
(1-1052)5  equal,  from  Table  III.,  -617  x  1-0513  = 
-649,  the  value  sought.  Table  V.  contains  the  values 
of  this  expression  for  various  values  of  q  and  m, 
which  latter,  m,  stands  for  the  ratio  of  the  channel  to 
an  orifice ;  and  then  immediately  find  from  it,  opposite 
2  in  the  first  column,  and  under  the  coefficient  "617 
in  the  sixth  column,  -649  the  value  sought.  When 
the  head  due  to  the  pressure,  and  to  the  velocity 
of  approach,  are  both  known,  we  can  determine  the 
new  coefficient  of  discharge  by  the  above  expression, 
and  thence  the  discharge  itself.  The  coefficient 
suited  to  the  velocity  of  approach  may  however  be 
found  directly  in  Table  V.  The  usual  methods  for 
finding  the  efi'ects  of  the  velocity  of  approach,  given 
by  d'Aubuisson  and  others,  are  incorrect  in  principle, 
see  Section  IV. 

Example  8. — What  is  the  discharge  from  an  orifice 
17  inches  long  and  9  inches  deep,  having  the  upper 
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edge  placed  4  inches  below  the  surface,  and  the  lower 

edge  13  inches  ? 

.    2  , 

The  expression  for  the  discharge  is  g  X  A-V2gd 

X  Cd  Ul  +  ^f  -  (^y\  equation  (43),  in  which  take 

d  =  9  inches ;   fet  =  4  inches ;    a  =  17  X  9  =  153 
square  inches  ;  and   V2g~d,  found  from  Table  II.  = 

83"4  inches.      Also,  -^  =  '444,  and  hence  the  Talue  of 
a 

(1-444)1  _  (-444)^  =  (from  Table  IV.)  1-44. 
Assuming  the  coefficient  of  discharge  to  he  '617,  then 
the  discharge  in  cuhic  inches  per  second  is  equal  to 

I-  X  153  X  83-4  X  -617  x  1-44  = 

I  X  12760-2  X  •88848  =  7558. 
o 

Consequently,  =  4*374  is  the  discharge  ia  cuhic 

17^8 

feet  per  second.     From  equation  (6.),  the  discharge  is 

equal  to 

I-  X  -617  X  27-8  X  17  X  {133  _  4!} 
o 

But  132  -  4i  =  46-872  -  8,  from  Table  IV.,  equal 
to  38*872,  whence  the  discharge  is 

I  X  -617  X  27*8  X  17  X  38*872  =  11*4351  x  17  x 

38-872  =  194*3967   x   38*872  =  7557  cuhic  inches 
=  4-374  cuhic  feet,  the  same  as  hefore. 

It  is  shown,  equation  (31),  that  by  using  the  mean 
depth  for  orifices  near  the  surface,  the  discharge 
wiU  approximate  very  closely  to  the  true  discharge, 
and  that   even   for  weirs   the   error  will  not  excesd 
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6  per  cent.  The  discharge  is  then  expressed  by 
•617  V  2  gf  X  8i  X  9  X  17  =  (from  Table  II.) 
50-01  X  163  =  7651-53  cubic  inches  =  4-427  cubic 
feet  per  second.  The  head  to  the  centre  of  the  orifice 
is  here  8J  inches,  and  the  depth  of  the  orifice  9  inches, 
therefore,  in  equation  (31),  h  =  d  very  nearly ;  and, 
therefore,  this  result  must  be  multiplied  by  '989,  as 
shown  in  that  equation;  then  -989  x  4-427  =  4-378 
cubic  feet,  which  gives  a  result  differing  from  those 
otherwise  found,  by  a  very  small  quantity,  which, 
practically,  is  of  no  value.  By  means  of  Table  VI. 
the  discharge  from  rectangular  orifices  near  the  surface 
can  be  found  with  very  great  facility. 

The  discharge  from  an  orifice  near  the  surface  may 
always  he  found  with  sufficient  accuracy,  for  practical 
purposes,  by  measuring  the  head  to  the  centre,  in  the 
same  manner  as  if  the  qrifice  were  sunk  to  a  consider- 
able depth ;  then  by  applying  the  corrections  given  in 
equation  (31) ;  or  if  the  orifiHe  be  circular,  those  given 
in  equation  (28);  sufficient  accuracy,  according  to  the 
correct  formula,  is  obtainable. 

Example  9. — What  is  the  discharge  from  a  circular 
orifice  4  inches  in  diameter,  having  its  centre  placed  4 
inches  below  the  surface,  when  the  coefficient  of  discharge 
is  -617  ? 

The  area  of  the  orifice  is  4  x  4  x  -7854  =  12-666 
square  inches.  The  velocity  in  the  orifice  at  the  mean 
depth  of  4  inches,  with  a  coefficient  of  '617,  is  34-31 
inches,  whence  the  discharge  is  12-566  x  34'31  = 
431*139  cubic  iaches  =  '2496  cubic  feet  per  second, 
or  14-97  cubic  feet  per  minute.  By  means  of  Table 
IX.  the  discharge  in  cubic  feet  per  minute  can  be 
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found  very  readily  when  the  velocity  (34!-31  inches  per 
second)  is  known.     Thus, 

Inches.  Cubic  feet. 

For  a  velocity  of    30-00    the  discharge  is    13-089 


4-00 

ii 

JJ 

1-745 

•30 

99 

39 

0^131 

•01 

)> 

99 

0-004 

34-31  „         „  14-969 

By  applying  the  coefficient  found  from  equatiop 
(28),  which  is  "992,  when  the  depth  at  the  centre  is 
twice  the  radius,  as  it  is  in  this  example,  '992  x  14-97 
=  14"85  is  found  for  the  correct  discharge  in  cubic 
feet  per  minute.  Here  the  difference  in  the  results  is 
only  1  ia  125. 

The  application  of  Table  VI.  enables  us  to  find 
the  discharge  from  rectangular  orifices  near  the  surface 
very  quickly.  Eesuming  "Example  8,"  the  discharge 
may  be  found  from  this  Table  for  each  foot  iu  length 
of  the  orifice,  as  follows.  The  discharge  in  cubic  feet 
per  miaute,  when  the  coefficient  is  '617  for  a  notch  1 
foot  long  and  13  inches  deep,  is  223*323 ;  and  for  a 
notch  of  4  laches  deep,  38*116;  therefore,  the  dis- 
charge from  an  orifice  9  inches  deep,  with  the  upper 
edge  4  inches  below  the  surface,  is  223*323  -  38*116 
=  185*207  cubic  feet  per  miaute.  But  as  the  length 
of  the  orifice  is  17  inches,  this  must  be  multiplied  by 

17 

Yqj  and  the  product  262*377  is  the  discharge  ia  cubic 

feet  per  miaute  ;  this  is  equal  to  a  discharge  of  4*373 
cubic  feet  per  second,  and  agrees  with  that  before 
found.  This  is  the  simplest  way  of  findiag  the  dis- 
charge from  rectangular  orifices  near  the  surface. 
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Example  10. — What  is  the  discharge  in  cubic  feet 
per  minute,  from  an  orifice  2  feet  6  inches  long  and  7 
inches  deep,  the  upper  edge  being  3  inches  below  the 
surface,  and  the  coefficient  of  discharge  '628  ? 

From  Table  VI.  the  discharge  from  a  notch  1  foot 
long  and  10  inches  deep  is  found  to  be  153-353,  and 
for  a  notch  3  inches  deep,  25-199.  The  dijBference,  or 
128-154,  multiplied  by  2J,  will  be  the  discharge 
required;  viz.  2J  x  128-154  =  320-385  cubic  feet 
per  minute. 

Example  11. — The  size  of  a  channel  is  2*75  times 
the  size  of  am,  orifice,  what  is  the  coefficient  of  discharge' 
when  that  for  a  very  large  channel  in  proportion  to  the 
orifice  is  '628  ? 

From  Table  V.  the  coefficient  is  found  to  be  -645, 
when  the  approaching  water  suffers  full  contraction. 
By  attending  to  the  auxiliary  Tables  in  the  text,  we  find 

for  this  case,  -tj -,  =  "oTItk  =  "36.  Hence,  there- 
fore, multiply  2-75  by  -857,  which  gives  2-36  for  the  ratio 
of  the  mean  velocities  in  the  orifice  and  in  the  channel 
approaching  it.  With  this  new  value  of  the  ratio  of 
the  channel  to  the  orifice,  find,  as  before,  the  value  of 
the  coefficient  from  Table  V.  which  is  -651.  The 
remarks  throughout  the  work,  with  the  auxiliary  tables, 
will  be  found  of  much  use  in  determiniug  the  coeffi- 
cients for  different  ratios  of  the  channel  to  the  orifice, 
notch,  or  weir,  and  the  corrections  suited  to  each.  If 
in  this  example, — other  things  being  the  same,— the 
alteration  in  the  coefficient  for  a  notch,  or  weir,  had  to 
be  considered,  it  would  be  found  from  the  Table, 
column  4,  to  be  -672  instead  of  -645  found  in  column 
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3,  for  an  orifice  sunk  some  depth  below  the  surface. 
For  the  corrections  suited  to  mean  and  central  velocity, 
and  to  the  nature  of  the  approaches,  they  may  be 
found  in  the  body  of  this  work  and  in  the  auxihary 
tables  at  the  end  of  Section  IV. 

Example  12. — What  is  the  discharge  over  a  weir  50 
feet  long ;  the  circumstances  of  the  overfall,  crest,  and 
approaches,  being  such  that  the  coefficient  of  discharge 
is  '617,  when  the  head  measured  from  the  water  in  the 
weir  basin,  6  feet  above  the  crest,  is  17 J  inches  ? 

Table  VI.  gives  the  discharge  in  cubic  feet  per 
minute,  over  each  foot  in  length  of  weir,  for  various 
depths  up  -to  6  feet.  It  is  divided  into  two  parts  ;  the 
first  for  "greater  coefficients,"  viz.  '667  to  "617  ;  and 
the  second  for  "lesser  coefficients,"  viz.  '606  to  "olS. 
The  coefficient  assumed  being  -617,  the  discharge  over 
1  foot  in  length,  with  a  head  of  175-  inches,  is  found 
to  be  348-799  cubic  feet  per  minute ;  hence  the 
required  discharge  is  50  X  348-799  =  17439-95  cubic 
feet. 

The  determination  of  the  coefficient  suited  to  the 
circumstances  of  the  overfall,  crest,  approaches,  and 
approaching  section,  will  be  found  discussed  elsewhere 
-through  this  work.  The  valuable  Table  derived  fi-om 
Mr.  BlackweU's  experiments  wiU.  also  be  of  use ;  but 
•the  heads  being  taken  at  a  much  greater  distance  back 
from  the  crest  than  is  generally  usual,  the  coefficients 
taken  from  it  for  heads  greater  than  5  or  6  inches,  will  be 
found  less  than  the  true  ones  for  heads  measured  imme- 
diately at  or  about  6  feet,  above  the  crest.  For  heads 
measm-ed  on  the  crest,  the  small  Table  of  coefficients  in 
Section  III.,  applicable  to  the  purpose,  will  be  of  use. 
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Example  13. — What  is  the  mean  velocity  in  a  large 
channel,  when  the  maximum  velocity  along  the  centn-al 
line  of  the  surface  is  31  inches  per  second  ? 

Table  VII.  gives  25'89  inches  for  the  required 
velocity,  and  for  smaller  channels  24"86  inches.  In 
order  to  find  the  mean  velocity  at  the  surface  from  the 
maximum  central  velocity,  the  latter  must  be  multiplied 
by  -914. 

The  velocity  at  the  surface  is  best  found  by  means 
of  a  floating  hollow  ball,  which  just  rises  out  of  the 
water.  The  velocity  at  a  given  depth  is  best  found  by 
means  of  two  hoUow  balls  connected  with  a  link,  the 
lower  beiag  made  heavier  than  the  upper,  and  both  so 
weighted  by  the  admission  of  a  certain  quantity  of 
water  that  they  shall  float  along  the  current,  the  upper 
one  being  in  advance  but  nearly  vertical  over  the  other. 
The  velocity  of  both  will  then  be  the  velocity  at  half 
the  depth  between  them.  The  velocity  at  the  surface, 
found  by  means  of  a  single  ball,  being  also  found,  the 
velocity  lost  at  the  half  depth  is  had  by  subtracting  the 
common  velocity  due  to  the  linked  balls  from  that  of 
the  single  ball  at  the  surface.  The  velocity  at  any 
given  depth  is  then  easUy  found  by  a  simple  proportion  ; 
but  the  result  wiU  be  most  accurate  when  the  given 
depth  is  nearly  half  the  distance  between  the  balls, 
which  distance  can  never  exceed  the  depth  of  the 
channel.  Pitot's  tube,  Woltmann's  tachometer,  the 
hydrometric  pendulum,,the  rheometer,  and  several  other 
hydrometers,  have  been  used  for  finding  the  velocity  ; 
but  these  instruments  require  certain  corrections  suited 
to  each  separate  instrument,  as  well  as  each  kind  of 
instrument,   and   are   not   so   correct   or   simple,  for 
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for  measuring  the  velocity  in  open  channels,  as  a  baU 
and  linked  balls.  In  general  the  surface  maximum 
velocity  can  be  found  by  throwing  in  a  rag-weed,  or 
some  other  plant,  and  observing  the  time  it  is  carried 
over  a  given  distance,  say  from  30  to  100  feet  or  more, 
according  to  the  circumstances  of  the  channel;  and 
multiplying  the  velocity  so  found  by  '83  to  find  the 
mean  velocity.  If  the  velocity  at  the  surface  be  taken 
at  several  sections,  between  the  centre  and  the  banks, 
the  multiplier  should  be  increased  to  "91. 

Example  14. — What  is  the  discha/rge  from  a  river 
having  a  surface  inclination  of  18  inches  per  mile,  or 
1  in  3520,  40  feet  wide,  with  nearly  vertical  banks,  cmd^ 
3  feet  deep  ? 

The  area  is  40  x  B  =  120  feet,  and  the  border 
40  +  2  X  3  =  46  feet ;  therefore  the  hydraulic  mean 

depth  is  -i^  =  2-61  feet  =  2  feet  7*3  inches.*   With 
^  46 

this  and  the  inclination  we  find  from  Table  VIII. 

28-27  +  2-75  x    ^  =  28*87  inches  per  second  = 
6 

28"87  X  5  =  144*35  feet  per  minute  for  the  mean 

velocity;  hence  144-35  x  120  =  17,322  cubic  feet  per 

minute  is  the  required  discharge.     For  channels  with 

sloping  banks  divide  the  border,  which  is  always  known, 

into  the  area  for  the  hydraulic  mean  depth,  with  which, 

and  the  surface  inclination,  find  the  velocity  by  Table 

VIII.,  and  thence  the  discharge.     Unless  the  banks  of 

*  For  greater  hydraulic  depths  than  Hi  inches,  the  extent  of  the 
Table,  divide  by  9,  and  find  the  corresponding  velocity.  This  multi- 
plied by  3  will  be  the  velocity  sought.  Or  divide  by  4  and  multiply 
by  2. 
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rivers  be  protected  by  stone  pavement  or  otherwise, 
the  slopes  will  not  continue  permanent ;  it  is  therefore 
almost  useless  to  give  the  discharges  for  channels  of 
particular  widths  and  slide  slopes.  When  the  mean 
velocity  is  once  known,  the  remaining  calculations  are 
those  of  mere  mensuration,  and  they  should  be  made 
separately.  This  example  may  also  be  solved,  prac- 
tically, by  means  of  Tables  XI.  and  XIl.  A  channel 
40  X  3  Tias  the  same  conveying  power  as  one  70  x  2, 
Table  XI.,  which  latter,  Table  XII.  discharges  with 
a  fall  of  18  inches  in  the  mile,  17,157  feet ;  or  about 
one  per  cent,  less  than  that  previously  found. 

Example  15. — The  diameter  of  a  very  long  pipe  is 
IJ  inch,  and  the  rate  of  inclination,  or  whole  length  of 
the  pipe  divided  by  the  whole  fall,  is  1  in  71| ;  what  is 
the  discharge  in  cubic  feet  per  minute  ? 

The    hydraulic   mean    depth,    or  mean  radius,   is 

—  =  -375  inch  =  -  inch.  Consequently  from 
Table  VIII.  the  velocity  in  inches  per  second  is  equal 

to  25-09  -  1-92  X   —^  =  25-09  -  -29  =  24-80.     The 
10 

discharge  in  cubic  feet  per  minute  for  a  l|-inch  pipe 

is  now  found  most  readily  by  means  of  Table  IX.,  as 

follows : — 

Inches.  Cubic  feet. 

For  a  velocity  of    20-0    the  discharge  is    1"227 

4-0         „  „  -245 

■8         „  „  -049 

24-8         „  „        1-521 

Whence  the  discharge  in  cubic  feet  per  minute  is 
1-521. 
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For  short  pipes,  of  100  or  200  feet  in  length,  and 
under,  the  height  due  to  the  velocity  and  orifice  of 
entry  must  he  deducted  from  the  whole  height  to  find 
the  proper  hydraulic  inclination,  and  also  the  height 
due  to  hends,  curves,  cocks,  slides,  and  erogation. 
The  neglect  of  these  corrections  has  led  some  writers 
into  mistakes  in  applying  certain  formulae,  and  in 
testing  them  hy  experimental  results  obtained  with 
short  pipes.  The  Tables  shall  now  be  applied  to  the 
determination  of  the  discharge  from  short  pipes,  and 
the  results  compared  with  experiment,  referring 
generally  to  equation  (153  a)  and  the  remarks  preceding 
it  for  a  correct  and  direct  solution. 

Example  16. —  WTiat  is  the  discha/rge  in  cuhic  feet  per 
minute  from  a  pipe  100  feet  long,  with  a  fall  or  head  of 
35  inches  to  the  lower  end,  when  the  diameter  is  IJ  inch? 
Find  also  the  discha/rge  from  pipes  80  feet,  60  feet,  40 
feet,  and  20  feet,  of  the  same  diameter  and  having  the 
same  head. 

If  the  water  be  admitted  by  a  stop-cock  at  the  upper 
end,  the  coefficient  due  to  the  orifice  of  entry  will 
probably  be  about  "75  or  less,  '815  being  that  for  a 
clear  entry  to  a  short  cylindrical  tube.  The  approxi- 
mate inclination  is -;— ^  1  in  34"8 ;  but  as  a 

65 

portion  of  the  fall  must  be  absorbed  by  the  velocity 
and  orifice  of  entry,  it  may  be  assumed  for  the  present 
that  the  inclination  is  1  in  35.     With  this  inclination 

1-      3 

and  the  mean  radius  --  =  -  inch,  we  find  the  mean 
4       8 

velocity  from  Table  VIII.  to  be  38'06  inches.     Now 

when  the  coefficient  due  to  the  orifice  of  entry  and 
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velocity  is  "75,  from  Table  II.  the  head  due  to  this  relo- 

cityis  3|  iaches  nearly,  whence  35— 3|  =  31f  =  31'625 

100   X   12 
inches  is  the  height  due  to  friction,  and  — — — — — — 

31'625 

equals  1  in  87'9,  the  inclination,  very  nearly.     With. 

this  new  inclination  find,  as  before,  from  Table  VIII. 

the  mean  velocity  of  discharge  which  is  now  36*35 

inches ;  and  by  repeating  the  operation  the  velocity  to 

any  degree  of  accuracy  is  found  in  accordance  with  the 

table ;  and  the  shorter  the  pipe  is,  the  oftener  must  it 

be  repeated.     The  height  due  to  36'35  inches  taken 

from  Table  II.  as  before,  with  a  coefficient  of  "750, 

is  3J  =  8'125  inches.     The  corrected  fall  due  to  the 

friction  is  now  35  —  3*125  =  81*875,  and  -  equal 

oVoTo 

1    in   37*6,   the    corrected    inclination.      With    this 

inclination  the  corrected  velocity  is  now  36*53  inches 

per  second.     It  is  not  necessary  to  repeat  this  operation 

again.     The  discharge  determined  from  Table  IX.  is 

as  follows : — 

Inches.  Cubic  feet. 

For  a  velocity  of    30 '00  the  discharge  is    1-841 

6-00         „  „  -368 

•50  „  „  -031 

■03  „  „  -002 

36-53  „  „         2-242 

The  experimental  discharge  found  by  Mr.  Provis-  was 
2*264  cubic  feet  per  minute  in  one  experiment,  and 
2*285  in  another.  The  discharge  from  the  shorter 
pipes  may  be  found  ia  a  similar  manner,  and  the 
results  placed  alongside  the  experimental  ones  given 
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in  the  work  referred  to  below  *  are  inserted  in  the  fol- 
lowing short  table : — 

EXPEEIMEKTAL  ANB   CALCULATED  DISCHAEGBR  TKOM  SHOUT  PIPES. 


o^ 

I. 

1 

1 
1 

I'll 

0|3 

jl 

s 

u 

H 

«1 

1^^ 

If 
ll 

100 

35 

2 -275 

37-082 

H 

311 

37-6 

36-53 

2-242 

80 

35 

2-500' 

40-750 

3| 

31i 

30-8 

41-18 

2-521 

60 

35 

2-874 

46-846 

5 

30 

24-0 

48-02 

2-946 

40 

35 

3-504 

57-115 

n 

27i 

17-5 

58-50 

3-590 

20 

35 

4-528 

73-801 

m 

22i 

10-7 

78-61 

4-824 

The  velocities  in  the  fourth  colunm  have  been  cal- 
culated by  the  author  from  the  observed  quantities 
■discharged,  from  which  the  height  due  to  the  orifice 
of  entry  and  velocity  in  column  5  is  determined,  and 
thence  the  quantities  in  the  other  columns  as  above 
shown.  The  differences  between  the  experimental 
and  calculated  results  are  not  large,  and  had  a  lesser 
coef&cient  than  "750  been  used  for  calculating  the 
reduction  of  head  due  to  the  velocity,  stop-cock,  and 
orifice  of  entry,  say  "715,  the  calculated  results,  and 

*  "Transactions  of  the  Institution  of  Civil  Engineers,"  vol.  ii. 
p.  203.  "  Experiments  on  the  Flow  of  "Water  through  small  Kpes." 
By  W.  A.  Provis.  The  small  Tahles  in  Sections  VI.  and  VIII.  of  this 
edition  give  at  once  the  coefficient  to  be  multiplied  by  y  2  o  h 
or  8  V^  to  find  the  velocity  when  the  ratio  of  the  diameter  to  the 
length  of  the  pipe  is  known.  They  wiQ  be  found  of  great  advantage 
in  calculating  directly  the  velocity  from  short  pipes.  For  long  pipes, 
seeJthe  Table  at  the  end  of  this  Section. 
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those  in  all  of  Mr.  Provis's  experiments  in  the  work 
referred  to,  would  be  nearly  identical.* 

Example  17. — It  is  proposed  to  supply  a  reservoir 
near  the  town  of  Drogheda  with  water  by  a  long  pipe, 
having  an  inclination  of  1  in  480,  the  daily  supply  to 
be  80,000  cubic  feet ;  what  must  the  diameter  of  the 
pipe  be  ? 

The  discharge  per  minute  must  be       '  =    56  t 

cubic  feet,  nearly.  Assume  a  pipe  whose  "mean 
radius  "  is  1  inch,  or  diameter  4  inches,  and  the 
velocity  per  second  found  from  Table  VIII.  wiU  be 
14-41  inches.     Then  from  Table  IX., 

Inches.  Cubic  feet. 

For  a  velocity  of    10-00    a  discharge  of    4'363 

4-00        „  „       1745 

•40        „  „         -175 

„  „  -01        „  „  -004 

14-41        „  „       6-287 

The  discharge  from  a  pipe  4  inches  in  diameter  would 
be  therefore  6"287  cubic  feet  per  minute.     Then 

4i  :  J  : :  6-287  :  56,  or  1 :  di : :  -196  :  56  : :  1  :  286  ; 

thei-efore  d'^  =  286,  and  d  =  9*61  inches,  nearly,  as 
may  be  found  from  Table  XIII.,  &c.  This  is  nearly 
the  required  diameter.  It  is  to  be  observed  that  the 
diameters  thus  found  will  not  always  agree   exactly 

*  In  a  late  work,  "Researches  in  HydrauUcs,"  the  author  is  led  into 
a  series  of  mistakes  as  to  the  accuracy  of  Dn  BuM's.and  several  other 
formulae,  from  neglecting  to  take  into  consideration  the  head  due  to  the 
velocity  and  orifice  of  entry  when  testing  them  by  the  experiments 
above  referred  to. — Second  Edition. 

t  "  Hydraulic  Tables,"  "Weale,  1854,  give  at  once  this  discharge  for  a 
pipe  between  9  and  10  inches  in  diameter,  also  the  Taeie,  p.  28. 

c 
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■with  those  found  from  Du  Buat's  or  other  formulffii 
nor  with  each  other,  because  the  discharges  are  not 

strictly  as  d? ;  but  in  practice  the  difference  is  imma- 
terial, and  the  approximative  value  thus  found  can  be 
easily  corrected.  If  a  pipe  whose  diameter  is  1,  were 
assumed,  the  operation  would  have  been  more  simple  ; 
for  the  velocity  would  then  be,  Table  VIII.,  at  the 
given  inclination,  6'4  inches;  and  the  discharge  "175 

cubic  feet,  Table  IX.     Hence  d^  =  -^r=-„   =  320,  and, 

•175 

therefore.  Table  XIII.,  d  =  10  inches  nearly,  which 

differs  about  half-an-inch  from  the  former  value,  9'6 

inches,  found  by  assuming  a  pipe   of   4  inches  to 

calculate  from.     It  is  necessary  to  understand  that 

different  results  must  be  expected,  ia  working  from 

practical  formulae,  for    different   operations.      When 

once  an   approximate  value  is    obtained,  it   can  be 

easily  corrected  to  any  required  degree  of  accuracy. 

Again,  the   velocity  in  inches  per  second,  from  a 

cylindrical  pipe  6  inches  in  diameter,  is  nearly  equal  to 

the  discharge  in  cubic  feet  per  minute ;  and  as  6^  = 
88"2,  then  88*2  :  d  :  :  the  velocity  ia  inches  per 
second  from  a  6-inch  pipe  :  the  discharge  per  minute 
from  a  pipe  whose  diameter  is  d.  Hence  this  pro- 
position gives,  very  nearly,  the  discharge  from  the 
diameter  and  fall ;  or  the  diameter  from  the  discharge 
and  fall  by  finding  the  velocity  only,  due  to  a  6-iach 
pipe.     See  Tables  pp.  28  and  29. 

Example  18. — The  area  of  a  channel  is  50  square 
feet,  and  the  harder  20*6 /eety  the  surf  ace  has  an  in- 
clination of  4  inches  in  a  mile ;  what  is  the  mean 
velocity  of  discharge? 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  19 

^  =  2-427  feet  =  29-124  inches  is  the  hydrauHc 

mean    depth;     and    from    Table    VIII.,    12-03  — 

1-30  X  -876 

g =    12-03   -   -19   =  11-84  inches  per 

second  is  the  reqtiired  velocity.  Though  this  velocity 
■will  be  found  under  the  true  value  for  straight  clear 
channels,  it  wUl  yet  be  more  correct  for  ordinary  river 
courses,  with  bends  and  turns,  of  the  dimensions 
given,  than  the  velocity  found  from  equation  (114.), 
For  a  straight  clear  channel  of  these  dimensions, 
Watt  found  the  mean  velocity  to  be  13-5  to  14  inches ; 
that  is  to  say,  17  at  top,  10  at  bottom,  and  14  in  the 

middle.      The   author's  formula   v  =    140   {r  sY  — 

11  (r  s)s  gives  v  =  1-143  feet,  or  nearly  a  mean  of 
these  two. 

Example  19. — A  pipe  5  inches  in  diameter,  14,637 
feet  in  length,  has  a  fall  of  44  feet;  what  is  the  dis- 
charge in  cubic  feet  per  minute  ? 

The  inclination  is  - — V^  =  332-7,  and  mean  radius 
44 

5 

v-  =  IJ.     Then  find  from  Table  VIII.  the  velocity 

-which  is  equal  to  19'81  +  '^^  ^  /'^   =  19*81  +  -16 

==  19'97,  or  20  inches  per  second  very  nearly ;  and 

by  Table  IX.  the  discharge  in  cubic  feet  per  minute 

is,  as  before  found  to  be,  13-635.     The  Table,  p.  28, 

gives,  by  inspection,  13-6  feet. 

Example  20. — What  is  the  velocity  of  discharge  from 

a  pipe  or  culvert  4  feet  in  diameter,  having  a  fall  of 

1  foot  to  a  mile  ? 

c  2 
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Here 


s  = 


6280' 


and  r  =  1  foot.      Next  we  find 


the  velocity  of  discharge  from  Table  VIII.  which  is 
14-09  inches,  equal  to  1-174  feet  per  second.  By 
calculating  from  the  different  formulae  referred  to 
helow,  the  velocities,  when  r  s  =  -.0001894,  and 
\/V7=  -01376,  are  as  follows. 


Reduction  of  Du  Bust's  formula equation 

,,  Girard's  do.   (Canals  with  aquatic 

plants  and  very  slow  velocities)  „ 
Prony's  do.  (Canals)  .... 
Prony's  formula  (Pipes).  .  . 
Prony's  do.  (Tipes  and  Canals) 
Eytelwein's  do.  (Rivers)  .  . 
Eytelwein's  do.  (Eivers).  .  . 
Eytelwein's  do.  (Pipes)  .  .  . 
Eytelwein's  do.  (Pipes)  .     .     . 

Dr.  Young's  do 

*D'Aubuisson's  do.  (Pipes)  .     . 
*D'Aubuisson's  (Eivers)  .     .     . 
The  writer's  do.    (Clear  straight 
Chaimels  with  small  velocities) 
"Weisbach's  do.  (Pipes)  .... 
The  author's,  for  Pipes  and  Eivei-s 


Velocity 

in  feet. 

(81.) 

1-174 

(86.) 

■521 

(88.) 

1-201 

(90.) 

1-257 

(92.) 

1-229 

(94.) 

1-200 

(96.) 

1-285 

(98.)  1-364 

(99.)  1-350 

(104.) 

1-120 

(109.) 

1-259 

(111.) 

1-199 

(114.) 

1-268 

(119.) 

1-285 

(119a.)  i-295 

This  example  is  calculated  from  the  several  formulae 
ahove  referred  to,  whether  for  pipes  or  rivers,  in  order 
that  the  results  may  be  more  readily  compared.  The 
formula  from  which  the  velocities  and  tables  for  the 
discharges  of  rivers  are  usually  calculated  is,  for 
measures  in  feet,  v  =  94'17  "^  r  s.  This  gives  the 
mean  velocity,  for  the  foregoing  example,  equal  to 


*  These  two  formulae  of  D'Auhuisson's  are,  simply,  adoptions  of 
Eytelwein's  and  Prony's. 
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1'295  feet  per  second.  This  is  the  same  as  is  found 
from  the  author's  general  formula  for  all  velocities ; 
but  the  particular  expression,  v  =  99"17  \/  r  s,is  only 
suited  for  velocities,  of  about  15  inches  per  second; 
the  results  found  from  it  for  lesser  velocities  are  too 
much,  and  for  higher  velocities  too  Kttle,  if  bends  and 
curves  be  allowed  for  separately.  For  ordinary  practi- 
cal purposes  the  result  of  Du  Buat's  general  formula, 
equation  (81),  may  be  safely  adopted;  and,  accord- 
ingly, the  results  in  Table  VIII.  calculated  for  the 
first  edition  from  it,  have  been  retained,  notwith- 
standing the  greater  accuracy  and  simplicity  of  the 
general  equation  (119  a)  for  the  velocity  in  pipes  and 

rivers,  viz.,  v  =  140  (r  s)*  —  11  (r  s)". 

Dr.  Young's  formula  gives  lesser  results  for  rivers 
and  large  pipes  than  Du  Buat's,  but  they  are  too 
small  unless  when  the  curves  and  bends  are  numerous 
and  sudden.  Girard's  formula  (86.)  is  only  suited  for 
small  velocities  in  canals  containing  aquatic  plants, 
and  it  is  entirely  inapplicable,  to  rivers  or  regular 
channels  for  conveyance  of  water.  A  knowledge  of 
various  formulae,  and  their  comparative  results,  applied 
to  any  particular  case,  will  be  found  of  great  value  to 
the  hydraulic  engineer,  and  tlje  differences  in  the 
results  show  only  an  amount  of  error  that  may  be 
expected  in  all  practical  operations,  and  which 
becomes  of  less  importance  when  it  is  considered  that 
by  increasing  the  dimensions  of  a  channel  every  way, 
by  only  one-third,  its  discharging  power  is  more  than 
doubled.     See  Table  XIII. 

Example    21. — Water  flowing  down  a  river  rises 
to  a  height  of  lOj  inches  on  a  weir  62  feet  long ;  to 
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what   height  will  the  same  quantity  of  water  rise,  on 
a    weir    similarly    circumstanced,    120    feet     long  ? 

—=■517,  nearly. 

In  Table  X.  is  found,  by  inspection,  opposite  to 
'517,  the  ratio  of  the  lengths,  the  coefficient  "644, 
rejecting  the  fourth  place  of  decimals ;  whence  10^ 
X  •644=6*76  inches,  the  height  required.  When  the 
height  is  given  in  inches  it  is  not  necessary  to  take 
out  the  coefficient  to  further  than  two  places  of  de- 
cimals. 

Example  22. — The  head  on  a  weir  220  feet  long 
is  6  inches ;  what  will  the  head  be  on  a  weir  60  feet 
long,  similarly  circumstanced,  the  same  quantity  of 
water  flowing  over  each  ? 

-^=•273. 
220 

As  this  lies  between  '27  and  '28,  from  Table  X. 
the  coefficent  •4208  is  found;   hence  =14*26 

inches,  the  head  required. 

Table  X.  will  be  found  equally  applicable  in  finding 
the  head  above  the  pass  into  weir  basins,  and  above 
contracted  water  channels.     See  Section  X. 

Example  23. — A  river  channel  40  feet  wide  and 
4*5  feet  deep  is  to  be  altered  and  widened  to  70  feet  ; 
what  must  the  depth  of  the  new  channel  be  so  that  the 
surface  inclination  and  discharge  shall  remain  un- 
altered ? 

In  "  Table  XI.,  of  equally  dischabging  eectan- 
GULAE  Channels,"  opposite  to  4'54,  in  the  column  of 
40  feet  widths,  3  is  found  in  the  column  of  70  feet 
widths,  which  is  the  depth  required  in  feet. 
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Example  24. — It  is  necessary  to  unwater  a  river 
channel  70  feet  wide  and  1  foot  deep,  by  a  rectangular 
side  cut  10  feet  wide ;  what  must  the  depth  of  the  side 
cut  be,  the  surface  inclination  remaining  the  same  as  in 
the  old  channel  ? 

In  Table  XI.  is  found  4*5  feet  for  the  required 
depth.  When  the  width  of  a  channel  remains  con- 
stant, the  discharge  varies  as  VVs  X  d,  in  which 
d  is  the  depth ;  and  when  the  width  is  very  large  com- 
pared with  the  depth,  the  hj'draulic  mean  depth  r 
approximates  very  closely  to  the  depth  d,  and  there- 
fore d=r;  consequently  the  discharge  then  varies  as 
d^  X  s^,  and  when  the  discharge  is  given  d^  must  vary 
inversely   as  s^;    or    more   generally  d'fi  must    vary 

inversely,  as  s^,  when  the  width  and  discharge  remain 
constant. 

In  narrow  cuts  for  unwatering,  it  is  prudent  to 
make  the  depth  of  the  water  half  the  width  of  the 
cut  very  nearly,  when  local  circumstances  admit  of 
these  proportions ;  for  then  a  maximum  effect  will  he 
ohtained  with  the  least  possible  quantity  of  excava- 
tion ;  but  for  rivers  and  permanent  channels  the 
proper  relation  of  the  depth  to  the  width  must  be 
regulated  by  the  principles  referred  to  in  Section  IX. 

Table  XI.  is  equally  applicable,  whether  the  mea- 
sures be  taken  in  feet,  yards,  or  any  other  standards 
whatever. 

Example  25. — A  new  river  channel  is  to  have  a 
fall  of  eighteen  inches  in  a  mile,  and  must  discharge 
18,700  cubic  feet  per  minute ;  what  shall  the  dimen- 
sions be  ? 
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In  Table  XII.,  in  the  column  of  18  inches  per 
mile,  opposite  to  18,766,  it  is  seen  that  a  primary 
channel  70  X  2-125  will  be  sufficient ;  and  opposite  to 
2*125  in  Table  XI.  it  is  also  seen  the  equivalent 
rectangular  channels  60  X  2-37 ;  50  X  2-70 ;  40  x 
3-19;  35x3-52;  30x3-96;  25x4-61;  20x5-58; 
15x7-29;  and  10x11-37,  to  select  from.  If  the 
side  have  any  given  slopes,  the  discharge  will  not  be 
practically  affected  as  long  as  the  depth  and  area  of 
the  rectangular  channel  and  the  one  with  sloping 
banks  remain  the  same.     See  Section  IX. 

Example  26. — A  pipe  100  feet  long  and  1  inch  in 
diameter  has  a  head  of  150  feet  over  the  lower  end, 
what  will  be  the  discharging  velocity  ? 

Here  »-= -020883  in  feet,  and  s=l-5,  therefore 
rs=-03125.     Hence    by  formulse    (119a)    ?;=140x 

(•03125)^-11  X  (-03125)5=140  x  -1766  -  11  x  -315 
=  24-724  -  3-465  =  21-259  feet  per  second.  If 
allowance  is  required  for  the  orifice  of  entry,  the 
velocity  is  corrected  as  follows.  A  square  orifice  of 
entry  has  a  coefficient  of  -815.  The  head  due  to  this 
coefficient  for  a  velocity  of  about  20^  feet,  or  246 
inches,  is  about  10  feet,  Table  II. — The  head  due  to 
friction    is    therefore    150—10  =  140    feet,   and    s 

=:^=l-4;  r  s  now  becomes  1-4  X  -020833=: -02917. 
140 

Hence  «= 140  Vr  s  ~11  's/  r  s  °ow  becomes  140  X 

•171-11  X -308  nearly,    equal  to   23-940  -  3-888  = 

20-552  feet,  the  velocity  for  a  square  junction. 

Example   27. — A  sewer  9  feet  in  diameter  has  a 

fall  of  2  feet  per  mile,  what  will  he  the  velocity  and 

discharge  of  water  flowing  through  it  when  full  ? 
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Here  r—2-25  &nds=~i,  therefore  rs= -0008523, 
2640 

(r  s)^  =r -02919   and   (r  s)5=:-0948;    and  by  formula 

(H9A),^=140(rs)^-ll(rs)5=  140  x  -02919-11  x 
•0948=  4-0866  -  1-0428  =  3-0438  feet  per  second. 
Hence  the  discharge  per  minute  is  9"  X  '7854  x 
3-0438  X  60=63-62  X  182-6  =  11,617  cubic  feet 
nearly.  The  velocity  from  a  circular  pipe  or  sewer 
is  however  greatest  when  the  circumference  is  open 
for  about  78|^  degrees  at  the  top,  but  the  velocity 
of  sewage  matter  would  not  be  equal  to  that  of 
water.  It  would  vary  according  to  the  dilution  in  the 
sewer,  and  50  per  cent,  should  be  allowed,  at  least, 
in  deduction,  unless  the  dilution  be  very  consi- 
derable. 

The  Table  for  the  values  of  r  s  and  v,  calculated 
from  the  formula  (119  a)  Sec.  VIII.,  will  give  the 
velocity  at  once  when  r  s  is  known,  and  r  s  when 
the  velocity  is  known,  from  the  latter  of  which  a 
definite  value  of  r  or  s  can  be  fixed  upon,  when  the 
other  may  be  then  found,  by  an  operation  of  simple 
division. 

Example  28. — Water  is  to  be  pumped  through  a 
pipe  3000  feet  long  and  2  feet  in  diameter,  with 
a  velocity  not  exceeding  4  feet  per  second,  what  head 
must  he  allowed  extra  for  friction  in  the  pipe  when 
calculating  horse  power  1 

From  the  Table  of  the  values  of  the  velocity  and 
products  of  the  hydraulic  mean  depth  and  hydraulic 
inclination,  given  near  the  conclusion  of  Section  VIII., 
that  for  a  velocity  of  4  feet  per  second  rs= -00142. 
The  diameter  of  the  pipe  is  2  feet,  therefore  r=-5j, 
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whence   s—'^^-*-^^— -00284,  and  as  the  length  of  the 

pipe  is  3000  feet  we  get  3000  X  '00284  =  8-62  feet, 
the  head  required.  The  Table  p.  29,  would  give  9'6 
feet  nearly,  which  corresponds  with  Du  Buat's  for- 
mula. If  the  velocity  in  the  pipe  were  10  feet  instead 
of  4  feet   per    second,  then  from    the    table,    r  s  = 

•007576,     and   ^-i- g -"^^=•015152,  andthere- 
r  '5 

fore,  h=l  s=3000  x  -015152  =45-456  feet,  or  about 

six  times  as  much  as  when  the  velocity  was  only  4 

feet  per  second.     The  great  loss  of  head  arising  from 

pumping  at  high  velocities,    from  friction  alone,  is 

therefore  apparent.      Were  the  velocity  double,  or  8 

feet  per  second,  the  head  would  be  30  feet  nearly,  or 

from  the  Table,  p.  29,  81-6  feet. 

For  velocities  of  about  2-1  feet  per  second,  v.  is 

equal  to  100  V  r  s,  and  for  velocities  of  about  5  J  feet 

per  second,  v  =  110  V  r  s.     If  I  be  the  length  of  a 

pipe,  it  would  be  found  in  the  former  case  that  the 

head,   h,  in  feet  due  to  friction  from  the  formula  is 

^*  —   -in  c\i\n     —  ^  s;  and  in  the  latter  h  = 


10,000r  -  "O'  "^"^  ^^  ""^  ^'^""^^  "  -    I2,100r 
=  Is. 

In  questions  of  this  kind,  however,  the  diameter  of 
a  pipe,  d  should  be  used  in  preference  to  the  hydraulic 
mean  depth,  and  as  d  =  4  r  it  will  be  found  in  the 

first  case  that  h.  =    „-„„   ,  =  I  s ;  and  in  the  second 


025  ( 
If  it  be  necessary  to  substitute  the  fall  per  mile  for 


«^s^' ''  =  3025d  =  ^  ' 
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tlie  hydraulic  inclination,  the  first  of  these  wHl  again 

2-11  1)2 

become  h  =    — ^ =  Z  s  for  the  loss  per  mile  ;  and 

1'72  iy^ 
in  the  second  case,  h  =   — t —    =  J  s  for  the  loss  per" 

mile  in  feet. 

If  the  velocity  were  so  slow  as  about  1  foot  per 
second,  then  -y  =  90  VTT,  and  we  should  find  h  = 

2025  d-~  ''^• 

If  for  the  inclination  the  faU  per  nule  be  substituted, 

il  •        -n  1  7  2*61  v^         ^  „         f       t 

this  will  become  h  =  — -3 —  :=  C  s ;  for  the  loss  per 

mile  in  feet. 

The  loss  of  head  varies  in  the  same  pipe  with  the 
velocity,  and  must  be  calculated  differently,  for  small 
and  for  high  velocities,  when  using  the  common  for- 
mul£e.  The  Table  near  the  end  of  Section  VIII. 
will  always  give  the  correct  value  of  r  s,  and  thence  s 

r  s^ 

~   r 

In  addition  to  the  loss  of  head  arising  from  friction, 
losses  also  occur  from  straight  or  curved  bends,  from 
diaphragms,  from  junctions,  and  from  the  orifices  of 
entry  and  discharge ;  these  must  be  determined 
separately  for  each  case,  as  is  shown  hereafter,  and 
added  together,  including  the  loss  of  head  arising  from 
friction.  The  sum  must  then  be  added  to  the  height 
the  water  is  to  be  raised,  before  the  full  or  total  head 
for  determining  the  power  of  an  engine  can  be  accu- 
rately known. 

The  Table  on  the  two  following  pages  will  be  found 
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TABLE  for  finding,  very  nearly,  the  velocity  and  diaeJinrpe  from  Cylindrical  Water  Pipea  or  Sewers 
when  the  diameter  and  fall  tare  given.  Any  two  of  the  four  guantitiet,  the  velocity,  discharge 
diameter,  and  fall  or  inclination,  being  given,  the  others  can  befoitnd  in  the  txbls  fj'om  in^ee- 
tion.    8zE  TjLBLE  XIII. 


«;=  . 

.-^    £ 

The  Velocity  in  Inches  eeb  Bbcohd  is  given  in  the  first  horizontal  line  for    I 

"1=1 

f-l'S 

each  inclination  or  fall ;  and  the  JDischaeoe  ik  Cubic  Feet  rEn  Mix 

c-rain 

fig's 

Ijli 

thenextfollo-ffing 

me/ 

I  in. 

•^m. 

3  in. 

4  in. 

din. 

6  in.   1   7  in. 

Bin. 

iPin. 

10  in^ 

I-=-= 

Jiara. 

diam. 

diam. 

diam. 

diam. 

diam.  (  diam. 

diam. 

diam. 

diam. 

1 

On.lB 

5280 

1-7 

2-5 

3^2 

3^8 

4-2 

4^7 

5-1 

6-5 

5-9 

6-2 

05 

•27 

■79 

1-6 

29 

46 

6-8 

9-6 

12  9 

16-9 

2 

2640 

2-6 

3-8 

4-7 

5-6. 

6-3 

6-9 

7-5 

8-1 

8^6 

9-1 

-07 

•41 

1-2 

2-4 

43 

68 

10-1 

14-2 

191 

24-9 

3 

1700 

3-1 

4^7 

6^9 

7^0 

7^8 

8-7 

9-4 

10-2 

10-8 

11-5 

-08 

•SI 

14 

30 

63 

85 

12-6 

17-7 

23-9 

312 

4 

1320 

3-6 

6'5 

6  9 

8^2 

9  2 

10-2 

11-1 

11-9 

12-7 

13-4 

-10 

•60 

1-7 

36 

6  3 

100 

14-8 

20-8 

28-0 

36-7 

5 

1056 

4-1 

6^2 

7-9 

9  3 

10  4 

H^6 

12-5 

13-5 

14-4 

16-2 

■11 

■68 

1-9 

40 

71 

11-3 

16-8 

23-6 

31-7 

41-5 

6 

880 

4-6 

6^9 

8-7 

10^3 

116 

12-8 

13-9 

16-0 

15-9 

16-9 

•12 

■76 

2-2 

4^5 

79 

12-6 

18  6 

26-1 

351 

460 

7 

754 

5-0 

7-5 

9-5 

1^2 

12  ■& 

14-0 

15-1 

16-3 

17-4 

18  ^4 

-14 

■82 

2-3 

4-9 

86 

13-7 

20-2 

28-5 

38-3 

60-2 

8 

660 

5-4 

8^1 

10-2 

12^0 

13  ■S 

15-0 

16-3 

17-6 

18-7 

20  0 

■15 

■89 

2-5 

5  3 

9  2 

14-8 

21-8 

30-6 

41-3 

541 

9 

687 

5'7 

8-7 

11-0 

12^9 

14-5 

16-1 

17-4 

18-8 

20-0 

21  2 

-16 

■95 

2-7 

66 

9  9 

158 

23-3 

32-8 

44-1 

57  7 

10 

528 

6-1 

9  2 

11-6 

13 '7 

15-4 

17-1 

18-5 

19-9 

21-2 

22  5 

-17 

100 

2-9 

60 

9-2 

16-7 

24-7 

34-8 

46-8 

613 

11 

480 

6-4 

9^7 

12-3 

14^4 

16-2 

18-0 

19-5 

210 

22-4 

23  7 

-17 

11 

30 

6-3 

IM 

17-7 

26-1 

36-7 

49-4 

64  7 

12 

440 

6 '7 

10  2 

^■9 

15^2 

17^1 

18-9 

20-5 

22-1 
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24  ■g 

■18 

11 

3  2 

6-6 

116 
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27-4 

38-6 

61-9 

67  9 

13-2 

400 

71 

10  8 

13^6 

16 '0 

18-0 

20-0 

21 -7 

23-3 

24-8 

26-3 

■19 

12 

3  3 

69 

12  3 

19-6 

28-9 

40-7 

54-8 
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15-1 
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7^7 

116 

14^7 

/17^2 

19  4 

216 

23-4 

25-2 

26-8 

28^4 

-21 
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36 

7  5 

13-2 
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31-2 

43-9 

59-1 

774 

17-6 
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8-4 

12^7 

WO, 

18  8 
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23  ^5 

25^5 

27-5 

29-2 

31  ■O 

-23 

14 

39 

g'2 

14^4 

231 
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48-8 

646 

845 

21-1 

250 

9-4 

14^1 

17-8 

20^9 

23-5 

26^1 

28  ^3 

30-5 

32-5 

34^4 

-26 

15 

44 

9-2 

160 

257 

37  8 

53-3 

71-7 

938 

26-4 

200 

10-6 

160 

20^2 

23-8 

26-8 

29-7 

32^2 

34-7 

36  9 

39-1 

-29 

1-7 

50 

10-4 

18-2 

29-2 

431 

60-6 

81-6 

106  7 

35-2 

160 

12-5 

19^0 

23-9 

28-1 

31-6 

36  ■I 

38  ■I 

410 

43-7 

46^3 

-34 

21 

5  9 

12-3 

21-6 

34-5 

50-9 

71-6 

96-4 
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52-8 

100 

15-9 

24^1 

30  ^4 

35-7 
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44  6 

48-3 

52-1 

55-4 

58-7 

-43 

2  6 

7-4 

15-6 

27-3 

43  8 

646 

90-9 
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160-1 

68-7 

90 

16-9- 

25  ■e 

32  3 

38-0 

42-7 

47^4 

61-4 

55-4 

58-9 

62 -S 

-46 

28 

7^9 

166 
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466 

68-7 

96  7 

130-2 
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66- 

80 

18-1 

27^6 

34 -6 

40^7 

45-8 

50-9 

65-2 

59-4 

63-2 

67'0 

-49 

30 

85 

17-8 

31-2 

49-9 

73-7 

103-7 

139-6 

182-7 

.75-4 

70 

19-6 

30^0 

37^5 

44  1 

49  ■& 

65-1 

59^7 

64-4 

68-4 

72-5 

•53 

3  2 

92 

19-2 

338 

54-1 

79'8 

1123 

1512 

197-7 

88- 

60 

21-5 

32-6 

41^1 

48-3 

54^4 

60-4 

65-5 

70-6 

75-1 

79-5 

■59 

3-6 

101 

21-1 

371 

59-3 

875 

123-2 

165-8 

216'9 

105-6 

50 

24-0 

30^4 

46-8 

53-9 

60-7 

67-4 

73^1 

78-7 

83-7 

88-7 

-65 

40 

112 

23-6 

413 

66-2 

97  6 

137-4 

1849 

242-0 

132- 

40 

27-4 

41  ■& 

62 -6 

61-7 

69  4 

77-1 

83^6 

90-1 

95-8 

101-6 

•75 

4-5 

128 

26-9 

47-3 

75-7 

111-7 

157-2 

211-6 

276-8 

176 

30 

32-6 

49^5 

62  ■S 

73-4 

82  ■& 

91-7 

99-6 

107-2 

114-0 

120-8 

-89 

B-4 

15  3 

32  0 

56-3 

90-0 

132  9 

187-1 

251-8 

329-4 

212-2 

26 

36-4 

65-3 

69  ■S 

82-0 

92-2 

102-4 

111-1 

119-7 

127-3 

134-9 

-99 

6  0 

17  1 

35-8 

62  9 

100  6 

148-4 

208-9 

281-2 

367-9 

264-1 

20 

41-7 

63-3 

79^9 

93  8 

105-6 

117^3 

127-2 

137-0 

145-7 

154-4 

114 

6  9 

19  6 

40-9 

72  0 

1151 

169-9 

239-2 

321-9 

421-2 

352" 

15 

49-6 

75^3 

95^0 

111-7 

125  6 

139  ■!! 

161-3 

163-1 

173-4 

183-8 

1-35 

8  2 

23-3 

48-3 

85-6 

1370 

202-2 

284-6 

383-1 

501-2 

528 

10 

63-3 

960 

121  ^2 

142  4 

160  ■a 

178^0 

192  9 

207-9 
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TABZJBfarJ^Mng,  very  nearly,  the  vetoeity  and  discharge  from  Cylindrical  Water  J?ipea  or  Sewers, 
when  the  diameter  and  fatl  are  given.  Any  two  of  the  four  quantities,  the  velocity,  ditcharge, 
diameter^  or  inclination  being  given,  the  others  can  be  found  in  tub  tablb  from  inspection. 
See  T^iaVE  XIII. 
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of  great  practical  utility  in  solving  aU  questions  con- 
nected with  water-pipes  and  sewers  discharging  fully- 
diluted  sewage.  In  using  it,  interpolate,  by  inspection, 
for  intermediate  diameters  or  inclinations.  For  greater 
diameters,  divide  those  given  by  4,  and  multiply  the 
corresponding  velocity  found  ia  the  table  by  2,  and 
the  corresponding  discharge  in  the  table  by  32.  If 
the  object  be  to  find  the  size  of  the  channel,  divide 
greater  given  velocities  by  2,  and  multiply  the  diameters 
or  inclinations  found  from  the  table  by  4 ;  also  divide 
greater  discharges  by  32,  and  multiply  the  diameters 
found  from  the  table  by  4.  The  small  auxiliary  table, 
p.  29,  embodied  in  the  larger  one,  is  of  great  use  in 
making  allowance  for  the  velocity  and  orifice  of  entry 
in  short  pipes,  before  finding  the  head  due  to  friction. 
The  table  also  gives  the  different  diameters  and  incli- 
nations which,  taken  together,  give  the  same  velocity 
or  discharge ;  and  it  enables,  from  inspection,  to 
select  that  relation  of  diameter  to  declivity  which  is 
best  suited  for  other  engineering  aspects  of  the  ques- 
tion. Taken  in  connexion  with  Tables  VIII.,  XI., 
XII.,  and  XIII.,  this  table  completes  the  means  of 
finding,  by  inspection,  the  dimensions,  inclinations, 
velocities,  and  discharges  of  every  class  of  water- 
channel  or  sewage-conduit  required  in  engineering 
practice. 

Table  XIV.  gives  the  comparative  values  of  English 
and  French  measures ;  and  Table  XV.  gives  the 
weight,  specific  gravity,  and  ultimate  strength  and 
elasticity  of  various  materials  with  which  the  engineer 
has  to  operate. 
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SECTION  II. 

FOEMTTL^     FOE    THE    TELOCITY,    AND    DISCHAEGE,    EEOM 

ORIFICES,  WEIES,  AND  NOTCHES. COEFFICIENTS    OF 

■VFLOCITT,     CONTRACTION     AND    DISCHAEGE. ^PEAC- 

TICAL  REMARKS  ON  THE  USE  OF  THE  FOEMULJE. 

The  quantity  of  water  discharged  ia  a  given  time 
through  an  aperture  of  a  given  area  in  the  side  or 
bottom  of  a  vessel,  is  modified  by  different  circum- 
stances, and  varies  more  or  less  with  the  form,  posi- 
tion, and  depth  of  the  orifice ;  but  the  discharge  may 
be  easily  found,  when  the  velocity  and  the  contraction 
of  the  fluid  vein  has  been  determined. 

VELOCITY. 

If  ^r  be  the  velocity  acquired  by  a  heavy  body  falling 
from  a  state  of  rest  for  one  second,  in  vacuo,  then 
it  has  been  shown  by  writers  on  mechanics,  that  the 
velocity  v  per  second  acquired  by  falling  from  a  height 
h,  will  be 

(1.)  V  —  'V  2gh. 

The  numerical  value  of  g  varies  with  the  latitude ', 
then  it  shall  be  assumed  that  2  g  =  772-84  inches 
=:  64'403  feet.     These  wiU  give  for  measures  in  inches, 

V  =  27-8  VVand  h  =  ff^4^  =  -001293^^, 

and  for  measures  in  feet, 

*  The  velocities  for  different  heights  are  given  in  coliunn  numljer  1, 
Tabik  II. 
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V  =  8-025  Vh,  and  h  = 


=  -01553  vK 


64-403 
If  V  he  in  feet,  and  h  in  inches,  then 

V  =  2-317  V^  and  h  =  -^^  =  -1864  v^. 


COEFFICIENT    OF   VELOCITY. 


Let  the  vessel  a  b  c  d,  Fig.  1,  be  filled  with  water 
to  the  level  e  f  :  then  it  has  been  found,  by  experi- 


ment, that  the  velocity  of  discharge  through  a  small 
orifice  o,  in  a  thin  plate,  at  the  distance  of  half  the 
diameter  outside  it,  in  the  vena-contracta,  will  be  very 
nearly  that  due  to  a  heavy  body  falling  freely  from  the 
height  h,  of  the  surface  of  the  water  e  f,  above  the 

*  The  force  of  gravity  increases  with,  the  latitude,  and  decreases 
with  the  altitude  above  the  level  of  the  sea,  hut  not  to  any  consider- 
ahle  extent.  If  \  he  the  latitude,  and  h  the  altitude,  in  feet,  above 
the  mean  sea  level,  then  it  may  be  generally  taken  that 

g  =  32-17  (1  —  -0029  cos  2\)  x    ("  1  _?^") 

in  which  e,  the  radius  of  the  earth  at  the  given  latitude  is  equal  to 
20887600  (1  +  -0016  cos  2\). 
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centre  of  the  orifice.  The  velocity  of  discharge 
determined  by  the  equation  v  =  v'2  g  h,  for  falling 
bodies,  is,  therefore,  called  the  "  theoretical  velocity." 
If  ?'a  be  now  put  for  the  actual  mean  velocity  of  dis- 
charge in  the  vena-contracta,  and  c^  for  its  ratio  to 
the  theoretical  velocity  v,  we  shall  get  r^  =  c^v;  and 
by  substituting  for  v,  its  value  's/'A  g  li, 
(2.)  fd  =  c^\/2g  h, 

Cv  is  termed  "  the  coefficient  of  velocity ;"  its  numerical 
value,  at  about  half  the  diameter  from  the  orifice,  is 
about  '974 ;  and,  consequently, 

Va  =  -974  V2  g  h. 
This  for  measures  in  inches  becomes 

va  =  27-077  VX,* 
and  for  measures  in  feet 

Va  =  7-816  s/h7 
The  orifice  o,  is  termed  an  horizontal  orifice  in  Fig.  1, 

s  The  velocities  for  different  heights  calculated  from  this  formulae 
are  given  in  the  column  numbered  2,  Table  II.  It  has  been  latterly 
asserted  in  a  Blue  Booh  that  theoretically  i»d  =  f  y/~igh.  It  is  not 
necessary  here  to  combat  this  error,  which  confounds  the  discharge 
with  its  velocity,  and  a  single  practical  fact,  applicable  only  to  a  thin 
plate,  with  a  theoretical  principle.  The  experimental  discharge  ap- 
proximates to  f  ■sTTgh  multiplied  by  the  area  of  the  orifice  ;  but  the 
theoretical  velocity  ■\/~2~gh  always  approximates  to  the  experimental 
velocity,  or  -974  -^  Igh,  obtained  immediately  outside  the  orifice  in 
the  venaf-coiitTacta,.  It  would  be  unnecessary  to  aUude  tp  this  theory 
here  if  it  were  not  supported  and  put  forward  by  three  engineers  whose 
authority  in  practical  questions  may  mislead  others.  Vide  p.  4  of 
*'  Brief  observations  of  Messrs.  Bidder,  BawTcsley,  and  Bazdlgette  on 
the  answers  of  the  Government  Referees  on  the  Metkopolitan  Main 
Drainage,  ordered  by  the  House  of  Commons  to  be  printed  13th  July, 
1858." 


34 


THE  DISOBABGE  OF  WATER  FMOM 


and  in  Fig,  2  a  vertical  or  lateral  orifice.  When 
small,  eacli  is  found  to  have  practically  the  same 
velocity  of  discharge,  when  the  centres  of  the  con- 
tracted sections  are  at  the  same  depth,  Ti,  below  the 
surface ;  but  when  lateral  orifices  are  large,  or  rather 
deep,  the  velocity  at  the  centre  is  not,  even  prac- 
tically, the  mean  velocity;  and  in  thick  plates  and 
modified  forms  of  adjutage,  the  mean  velocities  are 
found  to  vary, 

VENA-CONTEACTA   AND    CONTEACTION. 

It  has  been  found  that  the  diameter  of  a  column 
issuing  from  a  circular  orifice  in  a  thin  plate,  is  con- 
tracted to  very  nearly  eight-tenths  of  the  whole 
diameter  at  the  distance  of  the  radius  from  it,  and 
that  at  this  distance  the  contraction  is  greatest.  The 
ratio  of  the  diameter  of  the  orifice  to  that  of  the  con- 
tracted vein,  vena-contracta,  is  not  always  found 
constant  by  the  same  or  different  experimentalists. 

Newton  makes  it    1  :      -Sll,   5  and,  therefore,  that  of  the  1  .„.- 
'    i  areas  as  1  :  j-  <"i 

■846 
■788 
■802 


Poleni 


Borda 

Michellotti 

Bossiit 

Du  Bu3,t 
Venturi 
Eytelwein 
Bayer 


■81 

■818 

•816 


■7854 


■7156 
■622 

•6432 

•64 

■656 


•667 
•637 
•64 
■617 


Bayer's  value  for  the  contraction  has  been  deter- 
mined on  the  hypothesis,  that  the  velocities  of  the 
particles  of  water  as  they  approach  the  orifice  from 
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all  sides,  are  inversely  as  the  squares  of  their  distances 
from  its  centre;  and  the  calculations  made  of  the 
discharge  from  circular,  square,  and  rectangular 
orifices,  on  this  hypothesis,  coincide  pretty  closely 
with  experiments. 


APPROXIMATE  FORM  OP  THE  CONTRACTED  VEIN. 

Let  o  B.  =  d,  Fig.  3,  be  the  diameter  of  an  orifice  ; 

then  at  the  distance  e  s  =  —  the  contraction  is  found 

A 

to  be  greatest ;  assuming  that  the  contracted  diameter 

or—  -7854  d.      Suppose  the  fluid  column  between 

o  E  and  o  r  to  be  so  reduced,  that  the  curve  lines  e  r 

and  o  0  shall  become  arcs  of  circles,  then  it  is  easy  to 

show  from  the  pro 


perties  of  the  circle, 
that  the  radius  c  r 
must  be  equal  to 
1-22  d.  The  mean 
velocity  in  the  ori- 
fice, o  E,  is  to  that 
in  the  vena-con- 
tracta,  o  r,  as  '617  : 
1 ;  and  the  mouth  piece,  e  r  o  o.  Fig.  4,  in  which 
o  ^  r=  1  o  E,  and  o  »•  =  '7854  x  o  e,  will  give  for  the 
velocity  of  discharge  at  o  r,  the  vena-contracta, 

ra  =:  -974  V2gh  =  7-816  \/~n, 
in  feet  very  nearly.*    In  speaking  of  the  velocity  of 

*  Correctly  the  curves  0  o  and  E  r  should  perhaps  have  the  line  0  E 
continned,  for  their  common  tangent.  No  practically  useful  result 
would,  however,  follow  from  a  more  accurate  construction  than  is  here 
given.  Etmning  a  file  round  the  arris  0,  K,  will  effect  the  object  better 
than  a  complex  construction. 

V  2 
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discharge   from    orifices  in    thin   plates,   we    always 

assume  it  to  be  the 
velocity  in  the  vena- 
contracta,  and  not 
that  in  the  orifice 
itseK,  which  varies 
with  the  coefficient 
of  discharge,  un- 
less in  Table  II.,  where  the  mean  velocity  in  the 
latter,  as  representing  Ca  V  2  gr  /i,  is  also  given. 


COEFFICIENTS    OF    CONTEACTION    AND    OF    DISCHARGE. 

Put  A  for  the  area  of  the  orifice  o  E,  Fig.  3,  and 
Ce  X  A  for  that  of  the  contracted  section  at  o  r,  then  c^ 
is  called  the  "coefficient  of  contraction."  The  velocity 
of  discharge  ^^  is  equal  to  c^  '\/  2  g  h,  equation  (2). 
Multiply  this  by  the  area  of  the  contracted  section 
Ce  X  A,  and  there  is  found  for  the  discharge 

D  =  Ct  X  Cc  X  A  \/  2  g  h. 
It  is  evident  a  \/  2gh  would  be  the  discharge  if  there 
were  no  contraction  and  no  change  of  velocity  due  to 
the  height,  h;  c^  x  c^  is  therefore  equal  to  the  co- 
efficient of  discharge.  Call  the  latter  c^,  and  there 
results  the  equation 
(3.)  c   =  c,  X  c„ 

and  hence  the  "  coefficient  of  discharge "  is  equal 
to  the  product  of  the  coefficients  of  velocity  and  con- 
traction. 

The  expression  c,  c^  ^  2g  h  =  c^  's/  2  g  h  repre- 
sents the  mean  velocity  in  the  orifice ;  the  coefficient 
for  this  is,  therefore,  equal  to  c^.     The  values  of  the 


ORIFICES,    WEIRS,   PIPES,  AND  RIVERS.  37 

velocity   c^   V  2  gr  h,   for   different  heights  and  co- 
efficients, are  given  in  Table  II. 

In  the  foregoing  expression  for  the  discharge  d,  h 
must  be  so  taken,  that  the  velocity  at  that  depth  shall 
he  the  mean  velocity  in  the  orifice  a.  In  full  prismatic 
tubes  the  coefficients  of  velocity  and  discharge  are  equal 
to  each  other. 


MEAN  AND  CENTEAL  VELOCITY. 

In  order  to  find  the  mean  velocity  of  discharge 
from  an  orifice,  it  is,  in  the  first  instance,  necessary 
to  determine  the  velocity  due  to  each  point  in  its 
surface,  and  the  discharge  itself;  after  which,  the 
mean  velocity  is.  found  by  simply  dividing  the  area  of 
the  orifice  into  the  discharge.  The  velocity  due  to 
the  height  of  water  at  the  centre  of  a  circular,  square, 
or  rectangular  orifice,  is  not  strictly  the  mean  velocity, 
nor  is  the  latter  in  these,  or  other  figures,  that  at  the 
centre  of  gravity.  When,  however,  an  orifice  is  small 
in  proportion  to  its  depth  in  the  water,  the  velocity 
of  efflux  determined  for  the  centre  approaches  very 
closely  to  the  mean  velocity ;  and,  indeed,  at  depths 
exceeding  four  times  the  depth  of  the  orifice,  the  error 
in  assuming  the  mean  velocity  to  be  that  at  the  centre 
of  the  orifice  is  so  small  as  to  be  of  little  or  no  prac- 
tical consequence,  and  for  lesser  depths  it  never 
exceeds  six  per  cent.  It  is,  therefore,  for  greater 
simpHcity,  the  practice  to  determine  the  velocity  from 
the  depth  h  of  the  centre  of  the  orifice,  unless  in  weirs 
or  notches ;  and  the  coefficients  of  discharge  and 
velocity  in  the  following  pages  have  been  calculated 
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from  experiments  on  this  assumption,  unless  it  shall 
he  otherwise  stated. 

DISCHAEGES    IHKOUGH    ORIFICES    OF    DIFFEEENT  FORMS 
IN    THIN    PLATES. 

The  orifices  which  the  engineer  has  to  deal  with  in 
practice  are  square,  rectangular,  or  circular ;  and 
sometimes,  perhaps,  triangular  or  quadrangular  in 
form.  It  will  he  necessary  to  give  here  only  the 
theoretical  expressions  for  the  discharge  and  velocity 
for  each  kind  of  form,  but  as  the  demonstrations  are 
unsuited  to  the  purposes  of  this  work  they  shall  be 
omitted. 


TRAPEZOIDAL    ORIFICES   WITH    TWO    HORIZONTAL    SIDES. 

Put  d  for  the  vertical  depth  of  an  orifice,  \  for  the 
altitude  of  pressure  at  top,  above  the  upper  side,  and 
Ab  for  the  altitude  at  bottom,  above  the  lower  side, 
then 

ftb  —  ^t  =  d. 


Fig- 5 
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Let  also  the  top  or  upper  side  of  the  orifice  a  or  c, 
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Fig.  5,  be  represented  by  U,  and  the  lower  or  bottom 
side  by  ^,  and  put  *  „   ''  =  ^• 

Now,  when  l^  =  1^,  the  trapezoid  becomes  a  paral- 
lelogram whose  length  is  I  and  depth  d ;  and  putting 
h  for  the  depth  to  the  centre  of  gravity,  there  exists 
the  equation 

^H  +  2  =  ^b  —  2  =  ^• 
The  general  expression  for  the  discharge,  d,  through 
a  trapezoidal  orifice,  a,  is  then 

(4.)   D  =  c,V27  X  ||i,At  -  ZJ4  +|(i,- Z,)-MZ1^|, 

in  which  c^  is  the  coefficient  of  discharge ;  and  when 
the  smaller  side  is  uppermost  as  at  c, 

(5.)  D  =  c,  V27  X  ||v4  -  m  - 1 {i^-ifi^Y 

PABAIiLELOGEAMIO    AND    RECTANGULi£    ORIFICES. 

When  it  =  Zb  =  Z,  the  orifice  becomes  a  parallelo- 
gram, or  a  rectangle,  b,  and  then  the  discharge  is 

(6.)  D  =  Cd  V"27  X  ii{/i|-'i|}- 

NOTCHES. 

When  the  upper  sides  of  the  orifices  a,  b,  and  c, 
rise  to  the  surface  as  at  Ao,  b,,,  and  c^,  h^  becomes 
nothing,  and  then,  as  \  =  d,  for  the  trapezoidal 
notch  Ao  with  the  larger  side  up, 

(7.)    D  =  CaV27x  Jd^jZb+'ia-W} 
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Also  for  the  trapezoidal  notch,  Co,  with  the  smaller 
side  up, 

(8.)     D  =  CdV27x|cZ^|Zd-^(Zi,-Zt)} 

which  is  the  same  in  form,  hut  not  in  value,  as  the 
preceding  equation.  And  for  a  parallelogramic  or 
rectangular  notch  Bq, 

(9.)  D  =  Ca  V  2^  X  ^iS^^Ca.ld"  VT^ 

It  is  easy  to  perceive  that  the  forms  of  equations  (4) 
and  (5),  and  also  of  equations  (7)  and  (8),  are  iden- 
tical. The  values  for  the  discharge  in  equations  (6) 
and  (9)  are  equally  applicahle,  whether  the  form  of 
the  orifice  he  a  parallelogram  or  a  rectangle,  the  only 
difference  being  in  the  value  of  the  coefficient  of 
discharge,  c^,  which  becomes  only  slightly  modified 
for  any  form  of  orifice,  and  may  be  taken  at  '617  when 
it  is  in  a  thin  plate  for  each. 

TRIANGULAR   ORIFICES    WITH   HORIZONTAL   BASES,  AND 
RECTILINEAL    ORIFICES   IN    GENERAL. 

When  the  length  of  the   lower  side,  Z],  =  0,  the 
orifice  becomes  a  triangle,  d.  Fig.  6,  with  the  base 
upwards. 
In  this  case,  equation  (4)  becomes 


(10.)     D  =  ca  \/~2^  X  1 Z, 


2 


5 


X 


h 


d 


which  gives    the    discharge   through    the   triangular 
orifice,  d. 
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When  ^  =  0,  in  equation  (5),  the  orifice  becomes  a 
triangle,  f,  with  the  base  downwards ;  in  this  case, 
the  value  of  the  discharge  is 


(11.)     D  =  c, 


m  - 1 


d 


As  any  triangular  orifice  whatever  can  be  divided 
into  two  others  by  a  line  of  division  through  one  of 
the  angles  parallel  to  the  horizon;  and  as  the  dis- 
charge fi-om  the  triangular  orifice  d  or  f  is  the  same 
as  for  any  other  on  the  same  base  and  between  the 
same  pai-allels,  by  such  a  division,  the  discharge  from 
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any  triangle  not  having  one  side  parallel  to  the 
horizon  can  easily  be  found,  and  thence  the  discharge 
from  any  rectilineal  figure  whatever  by  dividing  it 
into  triangles. 

If  the  triangle  f  be  raised  so  that  the  base  shall  be 
on  the  same  level  with  the  upper  side  of  the  trian- 
gular orifice  d  ;  if,  also,  the  bases  be  equal,  and  also 
the  depths,  by  adding  equations  (10)  and  (11),  and 
making  the  necessary  changes  indicated  by  the  diagram^ 
there  is  found 
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(12.)     D  =.  c^  V 27  X  ~  {li+  l^i  -  2  X  M^l  '  } 

for  the  discharge  from  a  parallelogram  e  with  one 
diagonal  horizontal.  Now  this  is  the  same  as  the 
discharge  from  any  quadrilateral  figure  whatever, 
having  the  same  horizontal  diagonal,  and  also  having 
the  upper  and  lower  angles  on  the  same  parallels,  or 
at  the  same  depths,  as  those  of  the  parallelogram.  If 
the  orifices  d,  f,  and  e  rise  to  the  surface  of  the  water, 
as  at  Do,  Eoi  ^o)  then  for  the  discharge  from  the  notch 
Do  there  results 

(13.)  D  =  Cd  \/'27  X  T5^^'' 

which  for  a  right  angled  triangle  becomes 

D  =  ca  \r2~g  X  -^^S* 
For  the  discharge  from  the  notch  Fo, 

(14.)  DrrCdVY^X^^^b^i": 

*  In  the  Civil  Engineer  and  Architects'  Journal,  1858,  p.  370,  it  is 
stated  that  Professor  Thomson,  now  of  the  University  of  ^Glasgow, 
gave  at  the  British  Association  in  Leeds  for  a  right  angled  triangle,  for 
discharges  of  from  2  to  10  cubic  feet  per  minute,  the  expression  Q  = 

'317  Ha,  in  which  Q  is  the  quantity  in  cubic  feet  per  minute,  and  H 
the  head  in  inches.  Now  the  above  equation  for  a  coefficient  of  '617 
becomes,  for  inch  measures,  D  =  17"153  x  \i  d^  =  9-15(^5;  or  by 
multiplying  by  60,  and  dividing  by  1728,  to  reduce  the  discharge  to 

feet  per  minute,  D  =  '317  d^,  identically  the  same  as  Professor  Thom- 
son derived  from  his  experiments.  All  sections  of  a  triangular  notch 
are  similar  triangles,  and  hence  the  advantage  of  a  triangular-notch- 
gauge,  where  it  can  be  used,  as,  probably,  the  coefficient  remains  con- 
stant throughout.  Professor  Thomson  first  drew  attention  to  this. 
But  the  coefficient  '617  gives  practically  correct  results  for  all  forms 
of  orifices  in  thin  plates. 
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and  for  the  discharge  through  the  notch  Eq, 

(15.)  D  =  Cd  V2^x  ~{hl  -  2di}  =  Ca  v^x  -9752 Zdi- 

When  the  parallelogram  Eq  becomes  a  square  I  =  2  d, 
and  hence, 

(16.)  D  =  Cd  V¥g  X  •9752Zi  x  Vi=Cd  \/2^  x  -34478 1^. 
The  foregoing  equations  enables  the  engineer  to 
find  an  expression  for  the  discharge  from  any  recti- 
lineal orifice  whatever;  as  it  can  be  divided  into 
triangles,  the  discharge  from  each  of  which  can  he 
determined  as  already  shown  in  the  remark  following 
equation  (11.)  The  examples  which  are  given  will  be 
foimd  to  comprehend  every  form  of  rectilineal  orifice 
which  occurs  in  practice ;  hut  for  the  greater  number 
of  orifices,  sunk  to  any  depth  below  the  surface,  the 
discharge  wiU  be  found  with  sufficient  accm'acy  by 
multiplying  the  area  by  the  velocity  due  to  the 
centre  of  gravity. 

CIRCULAR  AND    SEMICIKCULAK    ORIFICES. 

The  discharge  through   circular  and   semicircular 
orifices  ia  thin  plates  can  only  be   represented  by 


means  of  infinite  series. 
of  the  series 


Eepresent  by  Si  the  sum 
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^ -—(-  iVi   }\!l—(l   L  -i  -iVi.  -    -^— 

^(-  1  i.  i.  1  ®^^i  i  i    -^l!_A-      I- 
Also  represent  by  S2  the  sum  of  the  series 

3U16  i\2  ■  ay^+^z  ■  1  ■  6  As '  lA^ 

+  ^.l.i.l.lYi.l.lV-!+&c.l: 

^  V2      4       6      8     IO/V3       5      7/7l5  J 

then  the  discharge  from  the  semicircle  g,  Fig.  7,  with 

the  diameter  upwards  and  horizontal,  is 

(17.)        D  =  C4  sfYJh  X  3-1416  r^  (%  +  s^). 

And  the  discharge  from  the   semicircle  i,  with  the 

diameter  downwards  and  horizontal  is, 

(18.)         D  =  ca  \A27Ti  X  3-141&r^  (sj  -  s^). 

If  A  be  put  for  the  area,  then  also  for  the  discharge 

from  a  circle  h, 

(19.)  D  =  Cji . \/  2  fif  /i  X  2  a  Si- 

In  each,  of  these  three  equations  (17),  (18),  and  (19), 
h  is  the  depth  of  the  centre  of  the  circumference 
below  the  surface,  and  r  the  radius. 

When  the  orifices  rise  to  the  surface,  then  for  the 
discharge  from  a  semicircular  notch  Go,  with  the 
diameter  horizontal  and  at  the  surface, 
(20.)  D  =  Ca  \/2gr  x  -9586  7^=0^  \/2gr  x  -6103  a  ; 
when  the  circumference  of  the  semicircle  is  at  the 
surface,  and  the  diameter  horizontal,  as  at  !„, 

(21.)  D=Ci \/2^  X  i(Vl28-7)r3=Cd \/2pf  X -7324  a ; 
when  the  horizontal   diameter   of  the   semicircle  is 
uppermost,  and  at  the  depth  r  below  the  surface, 
(22.)D=CiV%rx  1-8Q67 1^  =  c^  \%7 X  1-1884 a; 
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and  when  the  circumference  of  the  entire  circle  is  at 
the  surface,  as  at  Hq, 

(23.)  T>=Ca.V2grx3-0nir^=CaV2jr  x  •9604a. 

If  it  be  desirable  to  reduce  equations  (20),  (21),  and 

(22),  to  others  in  which  the  depth  h  of  the  centre  of 

gra-vity  from  the  surface  is  contained,  it  is  only  neces- 

h 
sary  to  substitute     .  for  r  in  equation  (20),  and 

then  the  discharge  from  a  semicircle  with  the  diameter 

at  the  surface  is 

(24.)  D  =  Cd  V~2Yh  X  -0367  a. 

Also,  by  substituting  for  r  in  equation  (21), 

'0  i  oo 

the  discharge  from  a  semicircle  when  the  circum- 
ference is  at  the  surface  and  the  diameter  horizontal 
is 

(25.)  D  =  Cd  V"27T  X  -9653  a  ; 

and  when  the  horizontal  diameter  is  uppermost,  and 

h 
at  the  depth  r  below  the  surface  r  =    ,  ,. ,  ^     and 
•^  1-4244 

(26.)  D  =  Cd  V  2gh  x  -9957  a. 

As  A  stands  for  the  area  of  the  particular  orifice  m 
each  of  the  preceding  expressions  for  the  discharge,  it 
must  be  taken  of  double  the  value,  in  equation  (23) 
for  instance,  where  it  stands  for  the  area  of  a  circle, 
that  it  is  in  equations  (20),  (21),  or  (23),  where  it 
represents  only  the  area  of  a  semicircle. 

DIPFEEENCE    OF    "  MEAN  VELOCITIES."      HOW  MUCH. 

The  mean  velocity  is  easily  found  by  dividing  the 
area   into  the   discharge    per  second   given    in    the 
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preceding  equations.     For  instance,  the  mean  velocity 
in  the  example  represented  in  equation  (9),  is  equal 

-  d  \/  'i  g  d,  which  is  had  by  dividing  the  area  I  d 
into  the  discharge ;  and  in  like  manner  the  mean 
velocity  in  equation  (23)  is  '9604  Ca  V  2  gi  r.  The 
velocity  at  the  centre  of  an  orifice  is  that  generally 
taken  by  practical  men.  This  differs  very  little  from 
the  other  five  circular  and  rectangular  forms.  Even 
for  notches  at  the  surface  it  is  only  in  excess  by  from 
four  to  six  per  cent. 

PEACTICAL  REMAEKS  ON  THE  DISCHAEGE  FROM   CIECULAE 
OEIFICES. 

It  has  been   shown,  equation   (19),  that,   for   the 
discharge  from  a  circle,  we  have 

D  =  Ca  V  2^A  X  2  A  Si, 
in  which  h  is  the  depth  of  the  centre,  A  the  area, 
and  Sj  the  sum  of  the  series 

and  it  has  also  been  shown,  equation  (23),  that,  when 
the  circumference  touches  the  surface,  this  value 
becomes 

D  =  ca  V  2gr  X  '9604  a. 
Now  when  h  is  very  large  compared  with  r,  it  is  easy 
to  perceive  that  2  Si  =  1,  and  hence 
(27.)  D  =  Cd  V  2g  h  X  a. 

As  this  is  the  formula  commonly  used  for  finding  the 
discharge,  it  is  clear,  if  the  coefi&cient  c^  remain  con- 
stant, that  the  result  obtained  firom  it  for  d  would  be 


ORIFICES,    WEIRS,  PIPES,   AND  RIVERS  47 

too  large.  The  differences,  however,  for  depths 
greater  than  three  times  the  diameter,  or  &r,  are 
practically  of  no  importance ;  for,  by  calculating  the 
values  of  the  discharge  at  different  depths,  it  is  found, 
when 

(h  =  r,   that  d  =  Ca  \/  2,gh  x  -960  a  ; 
''=—,„     D  =  Ca  \^Yjh  X  -978  A ; 

4 


(28.) 


h=  ^,  „     J)-CaV2ghx  -985  a  ; 

h=  ^,  „     D  =  Ca  V  2gh  X  -989  A  ; 

h  =  2r,  „  D  =  Ca  V  2gh  X  '992  a  ; 

h  =  3r,  „  D  =  Ca  V  2g  h  x  '996  a; 

h  =  4r,  „  D  =  Ca  s/  2  g  h  X  '998  A  ; 

h  =  5  r,  „  D  =  Ca  V  2  g  h  X  -9987  a  ; 

\h  =  6r,  „  D  =  Ca  \/  2  g  h  X  -9991  a. 

These  results  show  very  clearly  that,  for  circular 
orifices,  the  common  expression  for  the  discharge 
Ca  V  2  g  h  X  A  is  abundantly  correct  for  all  depths 
exceeding  three  times  the  diameter,  and  that  for  lesser 
depths  the  extreme  error  cannot  exceed  four  per  cent. 
in  reduction  of  the  quantity  found  by  this  formula. 
Hereafter,  when  discussing  the  value  of  Ca,  it  will  be 
shown  that  from  the  sinking  of  the  surface,  and  perhaps 
other  causes,  the  discharge  at  lesser  depths  is  even 
larger  than  that  exhibited  by  the  expression  Ca  V 2gh 
X  A,  the  value  of  the  coefficient  of  discharge,  Ca,  being 
found  to  increase  near  the  surface  as  the  depths  h  de- 
crease.   In  fact,  the  sides  and  length  of  the  orifice,  the 
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roundAng  of  the  arrises,  and  the  depth  and  position  with 
reference  to  the  sides  of  the  vessel,  and  surface  of  the 
water,  aire  of  far  greater  practical  importance  than  ex- 
treme accuracy  in  the  mathematical  formulce,  ivhich  when 
complex  may  he  of  little  or  no  practical  value. 

PEACTICAL  EEMAEKS  ON  THE  DISCHARGE  FROM 
RECTANGULAR  ORIFICES. 

It  has  been  shown,  equation  (6),  that  the  discharge 
from  rectangular  orifices,  with  two  sides  parallel  to 
the  horizon  or  surface  of  the 'water,  is  expressed  by 
the  equation 

D  =  ca  X  I  VT^  X  I  {hi  ■-  hi}, 

in  which  I  is  the  horizontal  length  of  the  orifice,  h^  the 
depth  of  water  on  the  lower,  and  h^,  the  depth  on  the 
upper,  side.  As  it  is  desirable  in  practice  to  change 
this  form  into  a  more  simple  one,  in  which  the  height 
h  of  the  centre  and  depth  d  of  the  orifice  only  shall  be 

included,  then  7«b  =  A  +  -  and  h^  =  h  —  -.  By  sub- 
stituting these  values  of  \  and  h^,  in  the  foregoing 
equations,  and  developing  the  result  into  a  series,  the 
terms  of  which,  after  the  third,  may  be  neglected,  and 
putting  A  for  the  area  I  d,  there  results 

r  d^    ") 

(29.)     ■D=Ci,  \/  'A  g  h  X  x\l  -  gg-p  j-  very  nearly. 

Therefore  for  the  accurate  theoretical  discharge 

so.)   .  =  ..^27T.xiJ<i±Mt<tM-V 

(^  dh^  J 
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for  the  approximate  discharge 

D  =  ca  *y  2gh  X  a|  1  -  gg-p  |  ; 

and  for  the  discharge  by  the  common  formula 

T>  =  Ci  V  2  g  h  X  A. 
When  the  head  (h)  is  large  compared  with  (d),  the 
height  of  the  orifice,  each  of  the  three  last  equations 
gives  the  same  value  for  the  discharge ;  but  as  the 
common  expression  c^  'V  2gh  X  a  is  the  most  simple ; 
and  as  the  greatest  possible  error  in  using  it  for  lesser 
depths  does  not  exceed  six  per  cent.,  viz.  when  the 
orifice  rises  to  the  surface  and  becomes  a  notch,  it  is 
evidently  that  formula  best  suited  for  practical  pin'- 
poses.  The  following  table  and  equations  will  show 
more  clearly  the  differences  in  the  results  as  obtained 
from  the  true,  the  approximate,  and  the  common  formulce, 
applied  to  "  lesser  "  heads ;  and  they  wUl  also  explain, 
to  some  extent,  why  "  coefficients  "  determined  from 
the  common  formula,  and  that  used  by  Poncelet  and 
Lesbros,  should  decrease  as  the  orifice  approaches  the 
surface. 

12  3 

^7j=f,      D=ca\/2^X  •9428a.    D=Ca  V2^X'9583  a. 

h=^,    „    -»       „   X-9693A.    „     „       „    X -9733  a, 

7t=^,    „     „       „    X-9796A.    „     „       „    X -9815  A. 

^=^,   „     „       „    X  •9854a.    „     „       „    X  •9864  A. 
(31.)     h=  d     „     „       „   X  •9890a.    „     „       „   X  '9896  a. 
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(31.) 


,     3d 

=ca^ 

s/2ghx-9953A. 

D  =  C 

a  \/2^7iX-9954a. 

71=2  d,  „ 

„   X  •9974a; 

„    X  •9974  a. 

,     hd 

„   X  •9983a. 

„   X  •9983  a. 

h=3d,  „ 

„   X  •9988a. 

„   X -9988  a. 

„   X-9991A. 

„    X -9991  A. 

h=4d,  „ 

„   X  •9994a, 

„    X  •9994  a, 

\hxlOd,„ 

„   X  •9999a. 

„    X -9999  A. 

In  the  foregoing  Table  the  first  column  contains  the 
head  at  the  centre  of  the  orifice  expressed  ia  parts  of 
its  height  d;  the  second  contains  the  values  of  the 
discharges  according  to  equation  (80) ;  and  the  third 
column  contains  the  approximate  values  determined 
from  equation  (29),  the  results  in  which  are  something 
larger  than  those  in  column  2,  derived  from  the  cor- 
rect formula.  The  numerical  coefficients  of  A,  at 
every  depth,  are  less  in  both  than  unity,  the  constant 
coefficient  according  to  the  common  formula.  This 
latter,  therefore  (as  in  circular  orifices),  gives  results 
exceeding  the  true  ones,  but  the  excess  is  inappreciable 
at  greater  depths  than  h  =  %  d,  and  for  lesser  depths 
/than  this  the  error  cannot  exceed  six  per  cent.  It 
may  be  useful  to  remark  here,  that  when  the  orifice 
rises  to  the  surface  and  becomes  a  notch,  the  "  centre 
of  mean  velocity"  is  at  fov/r-ninths  of  this  depth,  and  the 
centre  of  gravity  at  two-thirds  of  the  depth  from  the  sur-' 
face.     The  former  fraction  is  the  Square  of  the  latter. 
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SECTION  III. 

EXPERIMENTAL   RESULTS  AND  POEMULJE. COEFFICIENTS 

OF   DISCHARGE    FOR    ORIFICES   AND    NOTCHES. 

Heretofore  the  numerical  values  of  the  general 
coefficient  of  discharge  c^  have  been  only  dwelt  upon, 
partially.  In  order  to  determiae  its  value  under 
<lifferent  circumstances  more  particularly,  it  will  be 
jiow  necessary  to  consider  some  of  the  experiments 
Vi'hich  have  been  made  from  time  to  time.  These  do 
not  always  give  the  same  results,  even  when  conducted 
xmder  the  same  circumstances  and  by  the  same  parties, 
«,nd  there  appears  to  exist  a  certain  amount  of  error, 
more  or  less,  inseparable  from  the  subject.  The 
experiments  with  orifices  in  thin  plates  afford  the 
most  consistent  results  ;  but  even  here  the  differences 
are  sometimes  greater  than  might  be  expected.  In 
many  of  the  earlier  experiments  the  value  of  the 
■coefficient  c^  comes  out  too  large,  which  arises,  very 
probably,  from  the  orifices  experimented  with  not 
being  in  thin  plates,  and  partaking,  more  or  less,  of 
the  nature  of  short  tubes  or  mouth-pieces  with 
rounded  arrises,  which,  as  it  shall  be  seen,  give  larger 
•coefficients  than  simple  orifices.  When  an  orifice  is 
in  the  bottom  of  a  vessel,  it  would  appear  more  correct 
to  measure  the  head  from  the  surface  to  the  vena- 
<:ontracta  than  from  the  sm'face  to  the  orifice  itself; 
«nd  as  any  error  in  measuring  the  head  in  any  experi- 
.ment  must  affect  the  value  of  the  coefficient  derived 
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from  such  experiment,  so  as  to  increase  it  when  th& 
error  is  to  make  the  head  less,  and  vice  versa,  it 
appears  that  heads  measured  to  an  orifice  in  the 
bottom  of  a  vessel,  and  not  to  the  vena-contracta, 
must  give  larger  coefficients  from  the  experimental, 
results  than,  perhaps,  the  true  ones.  The  coefficients 
in  the  following  pages  have  been  almost  all  arranged 
and  calculated,  by  the  author,  from  the  original  experi- 
ments. 

In  1789  Dr.  Bryan  Robinson  made  some  experi- 
ments on  the  discharge  thi-ough  small  circulai*  orifices, 
from  one-tenth  to  eight-tenths  of  an  inch  ia  diameter, 
with  heads  of  two  and  four  feet,*  which  give  the 
following  coefficients. 

COEFFICIENTS  FROM  DE.  B.  EOBINSON's   EXPERIMENTS. 


Heads. 

diameter. 

diameter. 

diameter. 

diameter. 

2  feet  head 
4  feet  head 

•768 
•768 

•767 

•774 

•761 
•765 

•728 
•742 

These  results  are  pretty  uniform,  and  the  values 
from  which  they  are  derived  are  said  to  be  "  means 
taken  from  five  or  six  experiments ;  "  as  values  of 
Cfl  they  are,  however,  too  high.  The  apparatus  made 
use  of  is  not  described ;  but  it  is  probable,  from  the 
results,  that  the  plate  containing  the  hole  or  orifice 
was  of  some  thickness,  and  that  the  inner  arris  was- 
slightly  rounded.  There  is  here,  however,  a  very 
perceptible  increase  in  the  coefficients  for  the  smaller 
orifices,  but  none  for  the  smaller  depth. 

*  Helsham'a  Lectures,  p.  390.    Dublin,  1739. 
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In  a  paper  in  the  Transactions  of  the  Eoyal  Irish 
Academy,  vol.  ii.  p.  81,  read  Mai'ch  1st,  1788,  Dr. 
Matthew  Young  determines  the  value  of  the  coeflS- 
■cient  for  an  orifice  -%-  inch  in  diameter,  with  a  mean 
head  of  14  inches,  to  be  '623.  The  manner  in  which 
Ihis  value  is  determined  is  very  elegant;  viz.,  by  com- 
paring the  observed  with  the  theoretical  time  of  the 
"water,  in  the  vessel,  sinking  from  16  inches  to  12 
inches. 

The  following  experiments  by  Michelotti,  with  cir- 
■cular  orifices  from  1  to  about  3  inches  diameter,  and 
with  from  6  to  23  feet  heads,  give  for  the  mean 
"palue  Cd=:*613;  and  for  square  orifices  of  from  1  to 
9  square  inches  in  area,  at  hke  depths,  the  mean 
A'alue  of  Cd="628.  The  experiments  are  given  in 
French  feet  and  inches,  according  to  which  standard 
in  feet,  d=7"77  a  VA  x  *;  t  being  the  time  in 
seconds.*  As  the  time  of  discharge  in  these  ex- 
periments varies  from  ten  minutes  to  an  hour,  and  as 
the  depths  are  considerable,  the  results  must  be 
looked  upon  as  pretty  accurate ;  and  it  is  worthy  of 

*  The  value  of  "J  1  g  h,  equation  (1),  for  measures  in  French  feet,  is 
777  y/li,  and  for  measures  in  French  inches,  26-9  V  h;g  being  equal 
to  30*2  feet,  or  362'4:  inches,  French  measure.  One  French  foot  is 
•equal  to  1  06578  English  feet,  and  the  inches  preserve  the  same  pro- 
}iortion.  The  resulting  coefficients  must  be  the  same,  whatever  stan- 
■dards  the  calculations  are  made  from.  Many  of  the  most  valuable 
fonnulse  and  experiments  in  hydraulics  are  given  in  French  measures 
■of  the  old  style.  As  the  object,  however,  in  the  present  section,  is  to 
-determine  from  experiment  the  relation  of  the  experimental  to  the 
theoretical  discharge,  it  is  not  necessary  to  reduce  the  experiments  to 
other  measures  than  those  in  the  original;  but  the  value  of  the  force  of 
;^ravity,  g,  must,  of  course,  be  taken  in  those  measures  with  which  the 
experiments  were  made.     In  the  French  decimal,  or  modem  style,  the 
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COEFFICIENTS  FKOM  MICHELOTTl'S  EXPEEIMENTS. 


Description  and 

siise  of  orifice,  in 

French  inches. 


Square  orifice, 
3"  X  3" 


Depth  of 
the  centre 

of  the 
oriiices  in 

French 
feet. 


6-613 
6-85-2 
11-676 
11-818 
21  -691 
21-715 


Quantity 

discliarged 

.  in  cubic 

feet. 


j  Theoretical 
I        time, 
Time  of   I   calculated 
discharge         from 
in        I  71 

seconds.     *=, 


TIUlVS: 


463-604 
566-458 
616.785 
612-118 
415-437 
499-222 


600 
720 
610 
600 
300 
360 


371-3 
445-6 
311-4 
366-6 
183-7 
220-6 


Resulting 
coeffi-    ■ 
cients  of 
diachaa^ge. : 


-619 
•619 
-610 
•611 
•612 
•613 


Mean  value  of  the  coefficient ;  square  orifice  3"  x  3" 


•614 


Square  orifice, 
2"  X  2" 


6-625 
11-426 
21-442 


329-806 
423-465 
385-333 


900 
900 
600 


594- 

580-4 

385-7 


•660 
•645 
■643 


Mean  value  of  the  coefficient ;  square  orifice  2"  x  2" 


•649 


Square  oi-ifice, 
l"xl" 


6-757 
11-889 
21-507 


158-649 
163-792 
662^944 


1800 
1440 
3600 


1585^ 
880-6 
2249-9 


-628 
-612 
'625 


Mean  value  of  tlie  coefficient ;  square  orifice  1"  x  1" 


Circular  orifice, 
3"  diameter 


6-694 
11-590 
21-611 


542-85 

570-972 

521-299 


900 
720 
480 


550-1 
439-6 
293-8 


-621 


•611 
•610 
•612 


Mean  value  of  the  coefficient ;  circular  orifice  3"  diameter  .     '61 1 


Circular  orifice, 

2"  diameter 


6-785 
11-722 
21  -903 


488-687 
589-635 
676-486 


1800 
1680 
1200 


1108-1 

1016-4 

725-9 


•616 
•605 
-605 


Mean  value  of  the  coefficient ;  circular  orifice  3"  diameter  .     -609 


Circular  orifice, 
1"  diameter 


6-875 
11-722 
21-903 


247-354 

324-11 

444-535 


3600 
3600 
3600 


2227- 
2233- 
2237-2 


•619 
•620 
•621 


Mean  value  of  the  coefficient ;  circular  orifice  1 "  diameter 


•6-20 
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note  that  here  the  coefficients  are  larger  for  square 
than  for  circular  orifices. 

It  may  be  remarked  here  ia  passing  how  universal 
the  coefficients  "613  to  *628  are  for  all  forms  of 
orifices  in  thin  plates ;  or  with  the  outside  arrises 
chamfered.  Indeed,  the  coefficient  "62  may  always 
be  used  with  certainty,  for  practical  purposes, 
for  every  orifice  of  this  kind,  whether  at  the  sur- 
face in  the  form  of  a  notch,  or  at  the  sides  or 
bottom  of  a  vessel,  if  the  section  of  the  approaching 
water  be  large  in  proportion  to  the  area  of  the  dis- 
charging orifice  or  notch.  By  coefficient  of  course  is 
here  meant  that  decimal  which,  multiplied  by  the 
theoretical  value,  gives  the  practical  result ;  and  this 
is  substantially  the  same  for  notches  and  orifices  sunk 
below  the  surface,  as  will  appear  further  on.  There 
appears,  however,  an  utter  want  of  accuracy  in  using 
the  coefficient  "62  or  thereabouts  in  gauging  for  all 
orifices,  weirs  included,  no  matter  what  the  thickness 
or  form  of  the  orifice  or  crest  of  a  weir  may  be,  or 
area  of  the  approaching  channel.  These  will  cause 
the  coefficient  to  vary  from  "5  to  1  or  more,  and  hence 
the  necessity  for  endeavouring  to  reduce  this  portion 
of  the  subject  to-  rule; 

The  experiments  made  by  the  Abbe  Bossut,  con- 
tained in  the  following  table,  give  the  mean  value  of 
Cd,  for  both  circular  and  square  orifices,  equal  to  '616 

metre  is  equal  to  3-2809  English. feet,  or  39-371  inches.  The  tenth 
part  of  a  metre  is  the  decimetre,  and  the  tenth  part  of  the  decimetre 
the  centimetre,  aS  the  names  imply.  Table  XIV.  contains  the 
weights  and  measures  in  general  rise  in  Great  Britain  and  France,  with 
their  general  ratios  to  each  other. 
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nearly ;  and  it  may  be  perceived  that,  for  the  small 
depth  in  the  last  experiment,  the  coef5&cient  rises  so 
high  as  "649.  These  and  other  experiments  led  the 
Abhe  to  construct  a  table  of  the  discharges,  at  different 


COEFFICIENTS  FROM  BOSSUT's  EXPEBIMBNTS. 

hi 

III 

||. 

Description,  position,  and  size  of 
orifice,  in  French  inches. 

III. 

O  ^  ts> 

Hi 
111 

If" 

11; 

Horizontal  and  circular,  4"  diameter 

140-832 

2311 

3760-8 

-614 

Horizontal  and  circular,  1"  diameter 

140-832 

9281 

15043-3 

•617 

Horizontal  and  circular,  2"  diameter 

140-832 

37203 

60173-1 

•618 

Horizontal  and  rectangular,  1"  x  i" 

140-832 

2933 

4788-4 

•613 

Horizontal  and  square,  1"  x  1"  .  ,  . 

140-832 

11817 

19153-7 

•617 

Horizontal  and  square,  2"  x  2"  .     . 

140-832 

47361 

76614-6 

•617 

Lateral  and  circular,  J"  diameter  . 

108- 

2018 

3293-3 

•613 

Lateral  and  circular,  1"  diameter  . 

108- 

8135 

13173-3 

•617 

Lateral  and  circular,  J"  diameter  . 

48- 

1353 

2195-5 

■616 

Lateral  and  circular,  1 "  diameter  . 

48- 

5436 

8782-2 

-616 

Lateral  and  circular,  1"  diameter  . 

0-5833 

628 

968- 

•649 

depths,  from  a  circular  orifice  1  inch  in  diameter,  from 
which  the  author  has  detemuned  the  following  table  of 
coefficients.  These  increase,  as  the  orifice  approaches 
the  surface,  from  '617  to  "621 ;  and  at  lesser  depths 


COEFFICIENTS  DEDUCED  FEOM  BOSSTJT  S  BXPEEIMENTS. 


Heads, 
in  feet. 

Coefflcients. 

Heads, 
in  feet. 

Coefficients. 

Heads, 
infect. 

Coefficients. 

1 

2 
3 
4 
5 

■621 
•621 
•621 
•620 
-620 

6 

7 

8 

9 

10 

-620 
■620 
•619 
■619 
•619 

11 
12 
13 
14 
15 

■619 
■618 
■618 
■618 
■617 
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than  1  foot  other  experiments  show  an  increase  ija  the 
coefficient  up  to  '650.  The  experiments  of  Poncelet 
and  Lebros  show,  however,  a  reduction  in  the  coeffi- 
cients for  square  orifices  8"  X  8"  as  they  approach  the 
surface  from  •601  to  '572. 

Brindley  and  Smeaton's  experiments,  with  an  orifice 
1  inch  square  placed  at  different  depths,  give  a  mean 

COEFFICIENTS   CALCULATED   FKOM   BEINDLEY  AND   SMEATOU's 
EXPEEIMBNTS. 

1  foot  head  :  orifice  1"  x  1"  :  coefficient  -639' 

2  feet  head  :  orifice  1"  x  1"  :  coefiScient  '6S5 

3  feet  head  :  orifice  1"  x  1™  :  coefficient  '6i8  Vmean  '637. 

4  feet  head  :  orifice  1 "  x  1 "  :  coefficient  "632 

5  feet  head  :  orifice  1"  x  1"  :  coefficient  'dSa 

6  feet  head  :  orifice  J"  x  4"  :  coefficient  '567 

value  for  c^  of  "637.  The  last  experiment,  with  an 
orifice  only  J  inch  by  J  inch,  gives  so  small  a  coefficient 
as  "557  placed  at  a  depth  of  6  feet ! 

For  notches  6  inches  wide  and  from  1  to  6J  inches 
deep,  Brindley  and  Smeaton's  experiments  give  the 
mean  value  of  Cd="637.     The  coefficients  of  discharge 

COEFFICIENTS  FOR  NOTCHES,    CALCULATED  FROM  BRINDLEY  AND 
smeaton's   EXPERIMENTS. 


Katio  of  the 

Size  of 

Batio  of  the 

Size  of 

length 

notches  in 

Coefficients. 

length 

notches  in 

Coefficients. 

to  the  depth. 

inches. 

to  the  depth. 

inches. 

•92  to  1 

6x6i 

■683 

3-7  to  1 

6xl| 

•638 

1-07  tol 

6x5| 

•571 

4-4  to  1 

6xli 

•654 

1-2    tol 

6x5 

•609 

4-8  to  1 

6x1} 

•681 

'  1-92  tol 

6x3| 

•602 

6^    to  1 

6x1 

■713 

]  2-4    to  1 

6x2A* 

•636 

Mean  value. 

•637 

*  The  depth  is  misprinted  2^  inches  in  the  Encyclopaedias,  the 
tesulting  coefficient  for  which  would  be  •568  instead  of  •636  as  above, 
for  a  depth  of  2^  inches. 
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for  notches  and  orifices  appear  to  differ  as  little  from 
each  other  as  those  for  either  do  in  themselves.  The 
results  also  show  a  general  though  not  uniform  increase 
in  the  coefficients  for  smaller  depths. 

Du  Buat's  experiments  -with  notches  18'4  inches, 
long,  give  the  mean  value  of  Cd— '632,  which  differs 
very  little  from  the  mean  value  determined  from 
Brindley  and  Smeaton's  experiments. 

COEFFICIENTS  FOE  NOTCHES,    CALCULATED   FROM  DU  BUAT's 
EXPERIMENTS. 


Katio  of  the 

length 
to  the  depth. 

Size  of 

notches  in 

iucbes. 

Coefficients. 

Batio  of  the 

length 
to  the  depth. 

Size  of 

notches  in 

laches. 

Coefficients. 

2-72  tol 
3-94  to  1 

18-4x6-753 
18-4x4-665 

-630 
-627 

5-75  to  1 
10-3    tol 

18-4x3-199 
18-4x1-778 

•624 
-646 

Poncelet  and  Leshros'  experiments  give  the  coeffi- 
cients in  the  following  table,  for  notches  8  inches 


COEFFICIENTS   FOR  NOTCHES,    BY  PONCELET  AND   LESBEOS. 


Ratio  of  the 

Size  of 

Ratio  of  the 

Size  of 

length 

notches  In 

Coefficients. 

length 

notches  in 

Coefficients. 

to  the  depth. 

inches. 

to  the  depth. 

inches. 

-9  to  1 

8x9 

-577 

3-33  tol 

8x2-4 

-601 

1      tol 

8x8 

■585 

5       tol 

8x1-6 

-611 

1-3  tol 

8x6 

•590 

6-7    to  1 

8x1-2 

-618 

2     tol 

8x4 

-592 

10       tol 

8x0-8 

•625 

2-5  to  1 

8x3-2 

•595 

20       tol 

8x0-4 

•636 

wide  ;  the  mean  value  of  all  the  coefficients  in  these 
experiments  is  'GOS.  Here  the  coefficients  increase 
in  every  instance  as  the  depths  decrease,  or  as  the 
ratio  of  the  length  of  the  notch  to  its  depth  increases. 
It  will  be  necessary  to  refer  to  the  valuable  experi- 
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ments  made  at  Metz,  on  the  discharge  from  differently- 
proportioned  orifices  immediately. 

Eennie's  experiments  for  circular  orifices  at  depths, 
from  1  foot  to  4  feet,  and  of  diameters  from  \  inch, 
to  1  inch  give  the  following  coefficients.      Here  the^ 

COEFFIOIEISTS  FOE  CTHOULAI!.  OEIFICES,    FROM  KEKNIE's 
EXPEIUMENTS. 


Heads  at  the 

centre  of 

iinoh 

iinch 

J  inch 

1  inch 

Mean 

each  orifice 

diiuueter. 

diameter. 

diameter. 

diameter. 

values. 

in  feet. 

1 

•671 

•634 

•644 

•633 

•645 

2 

•653 

•621 

•652 

•619 

•636 

3 

•660 

•636 

•632 

•628 

•639 

4 

•662 

•626 

•614 

•584 

•621 

Means 

•661 

•629 

•635 

•616 

•635 

increase  for  the  coefficients  for  lesser  orifices  and  at, 
lesser  depths  exhibits  itself  very  clearly,  notwithstand- 
ing a  few  instances  to  the  contrary.  The  mean  value 
of  the  coefficient  c^  derived  from  the  whole,  is  "GSS^ 
For  small  rectilineal  orifices  the  coefficients  were  as. 
follows : — 

COEFFICIENTS  FOIl  BECTAXGULAR  ORIFICES,    FROM  RENNIE'S 
EXPERIMENTS. 


i4 

^    -f.Q 

:e 

-d 

,a  a 

ja  _ 

■lis 

.11 

ll 

l-H 

Rectangular 
orifice,  longer  ^ 
horizontal. 
2"  X  i". 

lilt 
o 

Equilateral 
triangle 
of  1  .square  inc 
with  base  dow 

Equilateral 
triangle 
of  1  squai-e  inc 
with  base  up 

1 

•617 

•617 

•663 

•596 

2 

•634 

•635 

•668 

•577 

3 

•606 

•606 

•606 

,, 

•572 

4 

•593 

•593 

•593 

•593 

•593 

Means 

,  •eis 

•613 

•632 

•593 

•585 
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The  most  valuable  series  of  experiments  are  those 
made  at  Metz,  by  Poncelet  and  Lesbros.  They  were 
made  with  orifices  eight  iaches  wide,  nearly,  and 
•of  different  vertical  dimensions  placed  at  various 
depths  down  to  10  feet.  The  discrepancies  as  to 
any  general  law  in  the  relation  of  the  different 
Talues  of  the  coefficient  of  discharge  c^  to  the  size 
and  depth  of  the  orifice  in  the  preceding  experi- 
ments, have  been  remedied  to  a  great  extent  by 
Tthese.  They  give  an  increase  of  the  coefficients  for 
"the  smaller,  and  very  oblong  orifices  as  they  approach 
the  surface,  and  a  decrease  under  the  same  circum- 
stances in  those  for  the  larger  square  and  oblong 
■orifices.  There  are  a  few  depths  where  maximum  and 
minimum  values  are  obtained :  the  terms  "  maximum 
iand  minimum  values "  are  used  for  those  which  are 
greater  in  the  one  case  and  less  in  the  other  than 
the  coefficients  immediately  before  and  after  them; 
.-and  not  as  being  numerically  the  greatest  or  least 
values  in  the  column.  These  maximum  and  minimum 
values  are  marked  with  a  *,  in  the  arrangement  of 
these  coefficients,  Table  I.  The  heads  given  in  this 
table  were  measured  to  the  upper  side  of  the  orifices, 
and  by  adding  half  the  depth  of  the  orifice  to  any  par- 
ticular head,  the  head  at  the  centre  will  be  obtained. 

As  a  perceptible  sinking  of  the  surface  takes  place 
ibr  heads  less  than  from  five  to  three  times  the  depth 
of  the  orifice,  the  coefficients  are  arranged  in  pairs, 
the  first  column  containing  the  coefficients  for  heads 
measured  from  the  still  water  surface  some  distance 
back  from  the  orifice,  and  the  second  obtained  when 
the  lesser  heads,  measured  directly  at  the  orifice,  were 
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used.  ;  A  Tery  considerable  increase  in  the  value  of  the 
coefficients  for  very  oblong  and  shallow  small  orifices^ 
may  be  perceived  as  they  approach  the  surface,  and 
the  paean  value  for  all  rectilinear  orifices  at  consider- 
able  depths,  seems  to  approach  to  "GOS  or  ■606. 

It  is  shown,  equation   (29),  that  the  discharge   is. 

aiDiDroximately,  in  which  expression  d  is  the  depth  of" 
the  orifice,  and  h  the  head  at  its  centre.  Now  it  is 
to  be  observed,  that  it  is  not  the  value  of  c^  simplj-,. 
which  is  given  in  Table  I.,  but  the  value  of  c^  X 

-}  1  —  — -p  [  ,  the  coefficient  of  a  V2  g  h,  equation. 

(29).  The  coefficients  in  the  table  are,  therefore,  less. 
than  the  coefficients   of  discharge,  strictly  so  called, 

bv  a  quantity  equal  to^3 — ..      The  value  of  this  ex- 
■'       ^  "^  96  A- 

pression  is  in  general  very  small,  and  it  is  easy  to- 

perceive  from  the  first  of  the  expressions  in  equation. 

(31),  pp.  49  &  50,  that  it  can  never  exceed  4"2  per  cent.,, 

or  more  correctly  '0417  in  unity.     If  it  be  required  to 

know  the  discharge  fi'om  an  orifice  4  inches  square- 

=  4"  X  4",  with  its  entire  4  feet  below  the  surface,  — 

which  is  equivalent  to  a  head  of  3  feet  10  inches  at 

the  upper  side.    From  the  table  the  value  of 

<.,  f  1 ^^  I  is  -601 ;  hence 

^\         96  W  ) 

1 

D  =  -601  X  A  ^/Ynh  =  '601  X  -  X  8-025  x  2  = 

J  9 

•601  X  -  X  16-05  =  -  X  9-646  =  1-072 

9  'J 
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■cubic  feet  per  second.  In  the  absence  of  anjr  experi- 
ments vdth  larger  orifices,  when  they  occur,  it  is  best 
to  use  the  coefficients  given  in  this  table ;  and,  in 
order  to  do  so  with  judgment,  it  is  only  necessary  to 
observe  the  relations  of  the  sides  and  heads.  For 
•example,  if  the  side  of  an  orifice  be  16"  X  4",  then 
seek  for  the  coefficient  in  that  column  where  the  ratio 
•of  sides  is  as  four  to  one,  and  if  the  head  at  the 
upper  side  be  five  times  the  length  of  the  orifice,  the 
coefficient  "626  will  be  found,  which  in  this  case  is  the 
Bame  for  depths  measured  behind,  or  at  the  orifice. 
For  lesser  orifices,  the  results  obtained  from  the 
■experiments  of  Miclielotti  and  Bossut,  pages  54  and 
56,  are  most  applicable ;  and  also  the  coefficients  of 
JRennie,  p.  59.  It  is  almost  needless  to  observe, 
that  all  these  coefficients  are  only  applicable  to  orifices 

in  thin  plates,  or 
those  having  the 
outside  arrises 
chamfered  as  in 
Fig.  8.  Very  Kttle 
dependence  can  be 
placed  on  calcula- 
tions of  the  quan- 
tities of  water  dis- 
charged from  other  orifices,  unless  where  the  coeffi- 
cients have  been  already  obtained  by  experiment  or 
correct  inference  for  them.  If  the  inner  arris  next 
the  water  be  rounded,  the  coefficient  will  be  in- 
creased. 

NOTCHES   AND    WEIRS. 

Some  coefficients  have  been  aU'eady  given  af  pages 
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57  and  58,  derived  from  experiments  of  Du  Buat, 
Brindley  and  Smeaton,  and  Poncelet  and  Lesbros,  for 
finding  the  discharge  over  notches  in  the  sides  of 
large  vessels ;  and  it  does  not  appear  that  there  is 
any  difference  of  importance  between  these  and  those 
for  orifices  sunk  some  depth  below  the  surfa,ce,  when 
the  proper  formula  for  finding  the  discharge  for  each 
is  used.  If  Poncelet  and  Lesbros'  coefficients  for 
notches,  page  58,  be  compared  with  those  for  an 
orifice  at  the  surface,  Table  I.,  there  is  little  prac- 
tical difference  in  the  results,  the  head  being  measured 
back  from  the  orifice,  unless  in  the  very  shallow 
depths,  and  where  the  ratio  of  the  length  to  the  depth 
•exceeds  five  to  one.  The  depths  being  in  these 
examples  less  than  an  inch,  it  is  probable  that  the 
larger  coefficients  found  for  the  orifice  at  the  surface, 
arise  from  the  upper  edge  attracting  the  fluid  to  it 
and  lessening  the  effects  of  vertical  contraction,  as 
well  as  from  less  lateral  contraction.  Indeed,  the 
results  obtaiaed  from  experiments  with  very  shallow 
weirs,  or  notches,  have  not  been  at  all  uniform,  and 
at  small  depths  the  discharge  must  proportionably 
be  more  affected  by  movements  of  the  air,  surface 
adhesion,  and  external  circumstances  than  when  the 
depths  are  considerable.  It  wiU  be  seen  that  in  Mr. 
Blackwell's  experiments  the  coefficient  obtained  for 
depths  of  1  and  2  inches  was  •676  for  a  thin  plate  3 
feet  long,  while  for  a  thin  plate  10  feet  long,  it  in- 
creased up  to  "805. 

The  experiments  of  Castel,  with  weirs  up  to  about 
30  inches  long,  and  with  variable  heads  of  from  1 
to  8  inches,  lead  to  the  coefficient  '497  for  notches 
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extending  over  one-fourtli  of  the  side  of  a  reservoir ; 
and  to  the  coefficient  -664  when  they  extend  for  the 
whole  width.  For  lesser  widths  than  one-fourth,  the 
coefficients  decrease  down  to  '584 ;  and  for  those 
extending  between  one-third  of,  and  the  whole  width, 
they  increase  from  '600  to  '665  and  •680.  Bidone 
found  Ca  =  '620,  and  Eytelwein  Ca  =;  '635.  It  will  be 
perceived  from  these  and  the  foregoing  results,  that 
the  third  place  of  decimals  in  the  value  of  c^,  and 
even  sometimes  the  second,  is  very  uncertain;  that 
the  coefficient  varies  with  the  head  and  ratio  of  the 
notch  to  the  side  in  which  it  is  placed ;  and  it  will 
soon  be  shown  that  the  form  and  size  of  the  weir, 
weir-basin,  and  approaches,  still  further  modify  its 
value. 

When  the  sides  and  edge  of  a  notch  increase  in 
thickness,  or  are  extended  into  a  shoot,  the  coefficients 
are  found  to  reduce  very  considerably ;  and  for  small 
heads,  to  an  extent  beyond  what  the  increase  of 
resistance,  from  friction  alone,  indicates.  Poncelet 
and  Lesbros  found,  for  orifices,  that  the  addition  of 
a  horizontal  shoot,  21  inches  long,  reduced  the  coeffi- 
cient from  '604  to  "601,  with  a  head  of  4  feet ;  but  foi- 
a  head  of  only  4J  inches,  the  coefficient  fell  from 
•572  to  -483,  the  orifice  being  8"  x  8".  For  notches 
8  inches  wide,  with  a  horizontal  shoot  9  feet  10  inches 
long,  the  coefficient  feU  from  '582  to  "479,  for  a  head, 
of  8  inches ;  and  from  "622  to  "340,  for  a  head  of  only 

1  inch.  Castel  foimd  also,  for  a  notch  8  inches  wide 
with  a  shoot  8  inches  long  attached  and  inclined  at  an 
angle  4°  18',  that  the  mean  coefficient  for  heads  from 

2  to  iij  inches  was  only  '527.     Little  dependence  can. 
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therefore,  be  placed  on  experimental  results  obtained 
for  shoots  which  partake  of  the  nature  of  short  pipes, 
and  should  be  treated  in  like  manner  to  find  the 
discharge.* 

The   author  has  calculated  the  following  table  of 
coefficients  from  some  experiments  made  by  Mr.  Bal- 


COEFFICIENTS 

FOR  SHOKT  WEIKS  OVBK  BOAEDS. 

Heads  measwred  on  the  crest. 

Depths 
in  inches. 

Coefficients. 

Depths 
in  inches. 

Coefficients. 

in^Ss.    coefficients. 

1 

•762 

3 

■801 

5 

733 

u 

■662 

H 

765 

5i 

713 

li 

•673 

H 

748 

54 

735 

If 

•698 

3f 

740 

Si 

729 

2 

■684 

4 

759 

,   6 

727 

2i 

•702 

ii 

731 

7 

716 

24 

•756 

44 

744 

8 

726 

2| 

■786 

'•• 

•745 

Mean 

732 

lard,  on  the  river  Severn,  near  Worcester,  "with  a 
weir  2  feet  long,  formed  by  a  board  standing  perpen- 
dicularly across  a  trough."  +  The  heads  or  depths 
were  here  measured  on  the  weir,  and  hence  the  coeffi- 
cients are  larger  than  those  found  from  heads  mea- 
sured back  to  the  surface  of  stiU  water. 

Experiments  made  at  Chew-Magna,  in  Somerset- 
shire, by  Messrs.  Blackwell  and  Simpson,  in  1850,  t 
give  the  following  coefficients. 

"  The  overfall  bar  was  a  cast-iron  plate  2  inches 
thick,  with  a  square  top."     The  length  of  the  over- 


•  Traits  Hydraulique,  par  D'Autuisson,  pp.  46,  94  et  95. 
t  Civil  Engineer  and  Architect's  Journal  for  1851,  p.  647. 
t  Civil  Engineer  and  Architect's  Journal  for  1851,  pp.   642  and 
645. 
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OOEPFIOIBNTS  DERIVED  EKOM  THE  EXPBBIMENTS   OF  BLAeKWELl 
AND  SIMPSON. 


Heads     ^ 
in  inches. 

Coefficients. 

Heads 
in  inches. 

Coefficients. 

Heads 
in  inches. 

Coefficients. 

Itol 
1  to  lA 
2^sto2| 

1 
25 
2ii 
2M 
3to3i 
4 

■591 
•626 
'682 
'665 
•670 
■665 
•653 
•654 
•725 
•745 

4i 

1 

5&to,5|S 
5i 

743 

760 

741 

750- 

725 

780 

781 

749 

751 

728 

6 

6^ 
6^  to  6i 

6i| 

7i 

8 

8to8i| 

f 
Mean 

749 
748 
747 
772 
717 
802 
737 
750 
781 
723 

fall  was  10  feet.  The  heads  ■were  measured  from  still 
■water  at  the  side  of  the  reservoir,  and  at  some  distance  ■ 
up  in  it.  The  area  of  the  reservoir  was  21  statute 
perches,  of  an  irregular  figure,  and  nearly  4  feet  deep 
on  an  average.  It  was  supplied  from  an  upper  reser- 
voir, hj  a  pipe  2  feet  in  diameter  and  of  19  feet  fall ; 
the  distance  between  the  supply  and  the  weir  was 
about  100  feet.  The  ■width  of  the  reservoir  as  it 
approached  the  overfall  was  about  50  feet,  and  the 
plan  and  section,  Fig.  9,  of  the  weir  and  overfall  in 
connection  ■with  it,  will  give  a  fair  idea  of  the  circum- 
stances attending  the  experiments.  For  heads  over 
5  inches  the  velocity  of  approach  to  the  weir  was 
"  perceptible  to  the  eye,"  though  its  amount  was  not 
determined.  It  ■will  be  perceived  that  the  coefficient 
(derived  from  two  experiments)  for  a  depth  of  8  inches 
is  "802,  while  the  coefficient  (derived  from  three 
experiments)  for  a  depth  of  7fi  inches  is  '717,  and 
for  depths  from  8  to  84^  inches  the  mean  coefficient 
is  '743 :  as  all  the  attendant  circumstances  appear  the 
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same,  these  discrepancies  and  others  must  arise  from 
some  undescribed  circumstances  of  the  case :  perhaps 
the  supply,  and,  consequently,  the  velocity  of  approach, 
was  increased  while  making  one  set  of  experiments, 
without  affecting  the  still  water  near  the  side  where 
the  heads  appear  to  have  been  taken.  By  comparing 
the  results  with  those  obtained  by  one  of  the  same 
experimenters,   Mr.    Blackwell,    on  the   Kennet   and 


Avon  Canal,  we  shall  immediately  perceive  that  the 
velocity  of  approach,  and  every  circumstance  which 
tends  to  alter  and  modify  it,  has  a  very  important 
effect  on  the  amount  of  the  discharge,  and,  conse- 
quently, on  the  coefficient. 

The  experiments,  made  by  Mr.  Blackwell,  on  the 
Kennet  and  Avon  Canal,  in  1850,*  afford  very  valuable 
instruction,  as  the  form'  and  width  of  the  crest  were 

*  Civil  Engineer  and  ArcMteot's  Journal,  1851,  p.  642. 
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varied,  and  brought  to  agree  more  closely  with  actual 
weirs  across  rivers  than  the  thin  plates  or  boards  of 
earlier  experimenters.  The  author  has  calculated  and 
arranged  the  coeflficients  in  the  following  table  from 
these  experiments.  The  variations  in  the  values  for 
different  widths  of  crest,  other  circumstances  being 
the  same,  are  very  considerable  ;  and  the  differences 
in  the  coefficients,  at  depths  of  5  inches  and  under, 
for  thin  plates  and  crests  2  inches  wide,  are  greater 
than  mere  friction  can  account  for ;  and  greater  also 
than  the  differences  at  the  same  depths  between  the 
coefficients  for  crests  2  inches  thick,  and  3  feet  long. 


The  plan  and  section.  Fig.  10,  wiU  give  a  fair  idea 
of  the  approach  to,  and  nature  of  the  overfaU  made 
use  of  in  these  experiments.     The  area  of  the  reser- 
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voir  was  2a.  1e.  30p.,  and  the  head  was  measured 
from  the  surface  of  the  still  water  in  it,  which  remained 
unchanged  between  the  beginning  and  end  of  each 
experiment.  The  width  of  the  approach  A  B  from 
the  reservoir  was  about  32  feet ;  the  width  at  a  & 
about  13  feet,  below  which  the  waterway  widened 
suddenly,  and  again  narrowed  to  the  length  of  the 
oyerfaU,  The  depth  in  front  of  the  dam  appears  to 
have  been  about  3  feet ;  the  depth  on  the  dam,  next 
the  overfaU,  about  2  feet ;  and  the  depth  on  the  sunk 
masonry  in  the  channel  of  approach,  about  18  inches. 
Altogether,  the  circumstances  were  such  as  to  increase 
the  amount  of  resistances  between  the  reservoir,  from 
which  the  head  was  measured,  and  the  overfall,  par- 
ticularly for  the  larger  heads,  and  it  is  accordingly 
seen  that  the  coefficients  become  less  for  heads  over 
six  inches,  with  a,  few  exceptions.  The  measure- 
ments of  the  quantities  discharged  appear  to  have 
been  made  very  accurately,  yet  the  discharges  per 
second,  with  the  same  head  and  same  length  of  over- 
fall, sometimes  vary;  for  instance,  with  the  plank 
2  inches  thick  and  10  feet  long,  the  discharge  per 
second  for  4  inches  head  varied  from  6"098  cubic 
feet  to  6*491  cubic  feet,  or  by  about  one-sixteenth  of 
the  whole  quantity.  Most  of  the  results,  however, 
are  means  from  several  experiments.  The  quantities 
discharged  varied  from  one-tenth  of  a  cubic  foot  to 
22  cubic  feet  per  second,  and  the  duration  of  the 
experiments  from  24  to  420  seconds.  If  the  coeffi- 
cients for  a  plank  10  feet  long  and  2  inches  thick 
in  the  foregoing  table  be  compared  with  those  for  the 
same  overfall  at  Chew-Magna,  it  will  be  seen  imme- 
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diately  how  much  the  form  of.  the  approaches  affects 
the  discharge.  Indeed,  were  the  area  of  the  reser- 
voii;  at  Chew-Magna  even  larger  than  that  for  the 
Kennet  and  Avon  experiments,  it  would  be  found, 
notwithstanding,  that  the  coefficients  in  the  former 
would  stUl  continue  the  larger,  though  not  fully 
as  large  as  those  found  under  the  particular  cir- 
cumstances.* 

The  following  table  gives  the  mean  results  of  88 
experiments  made  by  Francis,  at  the  Lower  Lock, 
Lowell,  Massachusetts,  in  1852.  The  duration  of 
each  of  these  experiments  varied  from  180  to  822 
seconds.  The  coefficients  in  column  ,  10  have  been 
calculated  by  the  author,  and  the  other  results  con- 
densed from  the  large  table  given  in  Francis'  Book.t 
The  heads  given  in  the  6th  column  are  those  which 


*  There  is  a  very  important  omission  in  all  the  preceding  experi- 
ments on  weirs  and  notches.  In  Fig.  10,  for  instance,  it  would  have 
heen  necessary  to  obtain  the  heads  at  A  B  and  a  5  in  each  experiment, 
above  the  crest,  and  also  the  head  on  and  a  few  feet  above  the  crest 
itself.  These  are,  perhaps,  best  calculated  by  means  of  the  observed 
velocity  of  approach.  They  would  indicate  the  resistances  at  the 
different  passages  of  approach,  and  enable  us  to  calculate  the  coeffl- 
cients  correctly,  and  thereby  render  them  more  generllay  applicable  to 
practical  purposes.  The  coefScients  in  the  two  previous  tables  are  not 
as  valuable  as  they  otherwise  would  be  from  this  omission.  The  level 
of  stUl  water  near  the  banks  is  below  that  of  the  moving  water  in  the 
current ;  therefore,  heads  measured  from  stOl  water  must  give  larger 
coefScients  than  if  taken  from  the  centre  of  the  current.  This  may 
account,  to  some  extent,  for  the  larger  coefScients  in  the  first  table, 
but  apart  from  this,  the  short  contracted  channel  immediately  above 
the  waterfall.  Fig.  9,  must  increase  the  velocity  of  approach,  and  conse- 
quently the  coefScients. 

+  Lowell  Hydraulic  experiments.     New  Tork,  1855. 
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9-997 

1-55 

62-6 

-78 

1-56 

1-56 

62-6 

3-32 

•621 

2 

9-997 

1-24 

45-6 

■59 

1-25 

1-25 

45-4 

3-33 

-623 

3 

9-997 

1-00 

33-4 

-44 

1-00 

1-00 

32-5 

3-32 

-621 

4 

7-997 

1-01 

26-8 

-36 

1-02 

1-02 

26-3 

3-36 

■628 

5 

9-997 

1-05 

36- 

•97 

1-06 

1-06 

35-8 

3-35 

■626 

6 

9-995 

0-98 

32-6 

-54 

0-99 

•98 

32-4 

3-34 

•624 

7 

9-995 

1-00 

33-5 

-55 

1-01 

1-00 

33-3 

3-33 

•623 

8 

9-997 

0-80 

23-5 

-33 

-80 

•80 

23-4 

3-32 

■621 

9 

9-997 

0-82 

25- 

-75 

-83 

-83 

24-8 

3-34 

■624 

10 

9-995 

0-80 

23-9 

-40 

•80 

•80 

23-8 

3-34 

■624 

11 

9-997 

0-62 

16-2 

•23 

-62 

•62 

16-0 

3-33 

■623 

12 

9-997 

0-65 

17-5 

-53 

-65 

■65 

17-2 

3-33 

■623 

13 

7-997 

0-68 

14-6 

-45 

•68 

•68 

14-5 

3-34 

■623 

would  give  the  observed  discharge  from  the  formula 
As  also  from  equation  (39) 

therefore, 

the  values  of  which  are  given  in  column  6.  The 
values  of  h"  in  column  8  are  those  which  would  be 
found  by  resolving  the  equation 

D  =  c(i  +  ■lnh")h"^; 
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n  being  the  number  of  end  contractions,  and  c  a 
multiplier  varying  from  3"32  to  8"36. 

In  this  table  the  theoretical  head  -^  =  •0155i'adue 

to  the  velocity  of  approach  has  been  used  and  does 
not  exceed  "02  of  a  foot.     However,  this  head  is  much 

greater,  and  should  be  taken  =  -^ — \ —  =    "04   v\  or 

thereabouts.  This  would  reduce  the  values  of  the 
coefficient  of  discharge  c^  in  the  10th  column.  The 
diflferences  between  h,  h',  and  h"  in  columns  3,  6,  and 
7  are  here,  practically,  of  little  moment,  and  the  value 
of  Ca  in  column  10  would  be  nearly  the  same  derived 
from  either.  The  crest  of  the  weir  experimented  upon 
was  1  inch  thick.  The  weir  measuring  10  feet  x  13 
inches  x  1  inch,  the  top  was  rounded  off  at  both 
arrises,  leaving  the  central  horizontal  portion  one 
quarter  of  an  inch  wide.  The  general  result  of  these 
experiments  verifies  the  ordinary  coefficient  for  notches 
in  thin  plates  from  "617  to  "628  for  the  value  of  c^. 

Professor  Thomson's  experiments  with  right-angled 
triangular  notches,  in  thin  plates,  give  a  mean  coeffi- 
cient of  -617.     Vide  Note  p.  42. 


HEAD,    AND   FKOM   WHENCE    MEASDEED. 

By  referring  to  Table  I.,  it  is  seen  that  there  is  a 
difference  in  the  coefficients  as  obtained  from  heads 
measured  on  and  above  the  orifice.  This  difference  is 
greater  in  notches,  or  weirs,  than  in  orifices  sunk 
below  the  surface ;  and  when  the  crest  of  a  weir  is  of 
some  width,  the  depths  upon  it  vary.    In  the  Kennet 
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and  Avon  experiments,  the  heads  measured  from  the 
surface  of  the  water  in  the  reservoir,  and  the  depths 
at  the  "  outer  edge"  (by  which  is  understood  the  lower 
edge)  of,  the  crest  were  as  follows : — 


DIFEEKENCB  OF  HEADS   MEASUEBD  OIT  AND  ABOVE  WEIES. 


Il 

<M  to 
to  ^ 

Heads  on  crests 
2  inches  thick. 

Heads  on  crests  3  feet  wide. 

1 
1 

CO 

1 

Il 

CO   3 

CO   O 

CO  o 

IP 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

f 

3  to  2ii 
4| 
61 

... 

34 
3| 

if 

24 
21 

if 
If 

24 

i 
ii 

21 

4 

IJtoli 
2i 
4i 

if 
2i 

31 
34 

4 

i'4 

2i 
34 

No  intermediate  heads  are  given,  but  those  registered 
point  out  very  clearly  the  great  differences  which  often 
exist  between  the  heads  measured  on  a  weir,  or  notch, 
and  those  measured  from  the  stiU  water  above  it ;  and 
how  the  form  of  the  weir  itself,  as  well  as  the  nature 
of  the  approaches,  alters  the  depth  passing  over.  On 
a  crest  2  feet  wide,  with  14^  inches  depth  on  the  upper 
edge,  we  have  found  that  the  depth  on  the  lower  edge 
is  reduced  to  llj  inches,  or  as  1'26  to  1.  The  head 
taken  from  3  to  20  feet  above  the  crest,  where  the 
plane  of  the  approaching  water  surface  becomes  curved, 
is  that  in  general  which  is  best  suited  for  finding  the 
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discharge  by  means  of  the  common  coefficients,  but  a 
correct  section  of  the  channel  and  water-line,  showing 
the  different  depths  upon  and  for  some  distance  above 
the  crest,  is  necessary  in  aU  experiments  for  deter- 
mining accurately  by  calculation  the  value  of  the 
coefficient  of  discharge  c^. 

Du  Buat,  finding  the  theoretical  expression  for  the 
discharge  through  an  orifice  of  half  the  depth  h, 

B=iV27x^{/.i-g)i}, 

equation  (6) 

=  \lh  VYihx  |l  -  (yV[=  -646  X  ^Ih  s/YgT, 

to  agree  pretty  closely  with  his  experiments,  seems 

h  . 
to  have  assumed  that  the  head  h  is  reduced  to  -^  m 

passing  over.  This  is  a  reduction,  however,  which 
never  takes  place  unless  with  a  wide  crest  and  at  its 
lower  edge,  or  where  the  head  h  is  measured  at  a  con- 
siderable distance  above  the  weir,  and  when  a  loss  of 
head  due  to  the  distance  and  obstructions  in  channel 
takes  place.  When  there  is  a  clear  weir  basin  imme- 
diately above  the  weir,  the  author  has  found  that, 
putting  h  for  the  head  measured  from  the  surface  in 
the  weir  basin,  and  h-„  for  the  depth  on  the  upper  edge 
of  the  weir,  that 

(32.)  h  -  K=  -14  VX 

for  measures  in  feet,  and 
(33.)  h  -K  =  -48  VT, 

for  measures  in  inches.  The  comparative  values  of 
A  and  A^  depend,  however,  a  good  deal  on  the  particular 
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circumstances  of  the  case.  Dr.  Kobinson  found* 
h  =  I'lll  hy,,  when  h  was  about  5  inches.  The 
expressions  given  are  founded  on  the  hypothesis,  that 
h  —  hy,i's  as  the  velocity  of  discharge,  or  as  the  sTh 
nearly.  For  small  depths,  there  is  a  practical  difficulty 
in  measuring  with  sufficient  accuracy  the  relative 
values  of  h  and  h^.     Unless  for  very  small  heads  the 

sinking  will  be  found  in  general  to  vary  from  jt^  to  ~^, 

and  in  practice  it  will  always  be  useful  to  observe  the 
depths  on  the  weir  as  well  as  the  heads  for  some  dis- 
tances (and  particularly  where  the  widths  contract) 
above  it. 

In  order  to  convey  a  more  definite  idea  of  the 
differences  between  the  coefficients  for  heads  measured 
at  the  weir,  or  notch,  and  at  some  distance  above  it, 

assume  the  difference  of  the  heads  h  —  h„  ^=    — ^  ; 

then  T — r-  =  r,  and  -  =  — 5 — ~  , 
h—h„  '  r  h„     ' 

hence  h  =  ^^^r~  K  and  h^=~-^  h. 

Now  the  discharge  may  be  considered  as  that  which 
would  take  place  through  an  orifice  whose  depth  is  h^ 
with  a  head  over  the  upper  edge  equal  to  h  —  h^ 

—  ~;  hence  from  equation  (6)  the  discharge  is  equal  to 

and  substituting  for  h^  its  value  (~~  kJ,  then  the 

*  Proceedings  of  the  Eoyal  Irish  Academy,  vol.  iv.  p.  212. 
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value  of  the  discharge  is 

(34.)    r>  =  UK V2jh^  X  c,|(l  +  If  ~  QJ] . 
As  the  value  would  be  expressed  by 

if  the  head  h  —  h„  were  neglected,  it  is  evident  the 
coefficient  is  increased,  under  the  circumstances,  from 
<?d  to 


"^{(}-iy-m-- 


or,  more  correctly,  the  common  formula  has  to  be 

multiplied  by  f  1  +  ~y  ~{~Y'  *°  ^^^  *^^  ^^^^  ^^^' 
charge,  and  the  value  of  this  expression  for  different 

values  of  -  =  TO  will  be  found  in  Table  IV.     If  it  be 
r 

supposed  that 

h  —  h„=  ^Q,  then  -=  j^—n; 

and  find  from  the  table  ^1  +  ^J  -  (^J  =  1-1221. 

Now  if  the  value  of  c^  be  taken,  for  the  full  head  h,  to 

be  -628,  then  wUl  1*1221  x  -628  =   "705,  rejecting 

the  latter  figures,  be  the  coefficient  when  the  head  is 

1        2 
measured  at  the  orifice;  and  if  —  =:  jq  =  n,  then  in 

the  same  manner  the  new  coefficient  would  be  found  to 
be  1-2251  X  -628  =  '769  nearly.  The  increase  of  the 
coefficients  determined,  page  65,  from  Mr.  Ballard's 
experiments  is,  therefore,  evident  from  principle,  as 
the  heads  were  taken  at  the  notch ;  and  it  is  also  pretty 
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clear  that,  in  order  to  determine  the  true  dUscha/rge;  the 
heads  both  on,  at,  and  above  a  weir  should  be  taken. 
Most  of  the  discrepancies  in  the  coefficients  determined 
from  experiment  have  arisen  from  imperfect  and  limited 
observations  of  the  facts.  Amongst  these  the  velocity 
of  approach  should  never  he  neglected  by  observers, 
as  its  effect  on  the  discharge  is  often  considerable  in 
increasing  the  quantity.  The  effect  of  the  form  of  the 
weir  and  approaches  is  scarcely  ever  sufficiently  con- 
sidered by  professional  men.  Most  of  the  discussions 
which  arose  with  reference  to  the  gaugings  on  the 
Metropolitan  Main  Drainage  Question  would  have 
been  obviated  if  the  calculators,  or  engineers,  had 
taken  into  account  the  different  circumstances  attendant 
on  it,  instead  of  applying  generally  a  formula  suited 
to  a  particular  case,  namely,  a  thin  crest,  a  small  notch, 
and  a  large  body  of  water  immediately  above  it ;  and 
appKed  a  correct  formula  for  including  the  effects  of 
the  velocity  of  approach. 

The  two  following  tables  have  been  reduced  to 
English  feet  measures,  from  BoUeau's  experiments ; 
they  show  the  relation  of  the  head  to  the  depth  on  the 
crest  at  the  upper  arris.  The  coefficient  for  the  head 
h  being  known,  that  due  to  h^  on  the  weir,  may  be 
calculated  from  equation  (34). 

If  the  head  h^  were  used  instead  of  h,  to  calculate 

the  discharge,  then  when  r-  =  1  "2,  a  coefficient  of  "628 
for  the  head  h  would  become  '769  for  the  head  h^  in 
equation  (34).  For  -  =  %  and,  therefore.  Table 
IV.,  -628  X  (1-2)1  -  (-2)1  =  -628  x  1-2251  =  -769. 
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Table  sliovring  the  ratio  of  the  head,  h,  to  the  depth,  /i„,  on  a  Plank 
Weir  of  th^  full  viidth  of  the  Ohamml,  imrnediately  at  the  upper  edge, 
or  — ,  see  eqitation  (33),  when  the  sheet  of  water  is  free  after  passing 
over,  with  air  wider  it. 


Values  of  the  head  h  divided  hy  the  thickness  of  the  sheet  of 

■water  passing 

h 
average  r-  = 

over  the  weir  immediately  at  the  upper  edge ; 
g  =  1 -2  betvf  een  heads  of  3  and  U  inches. 

HendA 

in  feet. 

Height  of 

Height  of 

Height  of 

Height  of 

Tveir  in  feet, 

weir  in  feet. 

weir  in  feet. 

weir  in  feet. 

■86'. 

1^07'. 

1-33'. 

a -71'. 

■1 

1'339 

1-285 

•13 

1^282 

1-320 

1-250 

•16 

1^260 

1-285 

1-228 

•20 

1^234 

l'-243 

1-249 

1-214 

•23 

1-223 

1-232 

1-231 

1-205 

•26 

1-216 

1-232 

1-223 

1-200 

•3 

1-212 

1-228 

1-218 

1-199 

•33 

1^210 

,        1-225 

1-217 

1-199 

•39 

1-206 

1^221 

1-112 

1-197 

•46 

1-202 

1^216 

1-206 

•53 

1-199 

1-201 

•59 

1-196 

1-195 

•66 

1-192 

1-191 

•82 

1-186 

■99 

1-184 

... 

1^15 

1-182 

... 

If  the  head  h^-weve  used  instead  of /i  to  calculate  the  dis- 

h 
charge,  when  j-  =  1*25,  Table  next  page,  then  a  coeffi- 

cient  of  '628  for  the  headA  would  become  'TQQfor  the  head 

h„  n  equation  (34).     For  —  =  '25 ;  and,  therefore,  the 


vaiue 


of  ca{  ( 1  +  jy  -  ( l)^ }  '  Table  IV.,  is  -628 

X  (1-25)1  -  (-25)1  =  -628  X  1-2725  =  -799.     And  so 
on  we  may.  calculate  the  value  of  the   coefficient  to 
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be  applied  to  the  depth  h^  on  the  weir,  for  any  other 
ratios  between  h  and  h^  by  means  of  equation  (34). 


Table  showing  the  ratio  ^,  equation  (33),  when  the  sheet  of  water 
h^ 
passing  over  is  in  contact  with  the  crest  a/nd  with  the  water  im/im- 

diately  ielow  a  Plamk  Weir. 


Values  of  j—  for  different  heights  of  weirs  and  for  different 

heads ;  mean  value  for  heads  between  3  and  14  inches,  equal 

aeaAh 

in  feet. 

Height  of  weir 

Height  of  weir 

Height  of  weir 

in  feet. 

in  feet. 

in  feet, 

1-07'. 

11'. 

1-3S'. 

■43 

1-283 

•46 

1-275 

1-291 

•49 

1^256 

1-266 

1-281 

•53 

1^250  , 

1-258 

1-271 

•59 

1-236 

1-245 

1-254 

■66 

1-225 

1-232 

1-241 

•73 

1-216 

1-223 

•79 

1-208 

1-216 

•86 

1-202 

1-208 

•92 

1-198 

1-203 

•99 

1-198 

Boileau  made  some  valuable  experiments  at  Metz, 
-which  were  published  in  1854.  They  give  the  follow- 
ing results  for  vertical  plank  weirs  extending  from  side 
to  side  of  the  channel,  when  the  water  passed  over 
without  adhering  to  the  crest : — 

Height  of  weir  over  bot- 
tom of  channel  in  feet. 


1-3 
•6 


Head  above. 

Mean  coefficient. 

2    to  1-6 

•645 

16  to    -5 

•622 

15  to    -25 

•625 

"When  the  water  passing  over  adhered  to  the  crest, 


Head  above. 

Mean  coefBcii 

1-      to  1-6 

•694 

•6    to  1-8 

•690 

•36  to  1-3 

•675 
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and  no  air  between  the  sheet  passing  over  and  the 
water  helow  the  weir,  the  experiments  gave 

Height  of  weir  over  bot- 
tom of  channel  in  feet. 

2- 
1^3 
•6 

Wlien  the  plank  weir  leant  up-stream  4  inches  to  a 
foot,  the  mean  value  of  Ca  was  "620,  the  height  of  weir 
being  1^5  foot,  and  with  heads  from  "23  to  "5  foot. 
When  its  crest  was  rounded  to  a  semi-cylinder,  the 
coefficient  was,  with  a  head  of  ^26  foot,  •696,  and  with 
a  head  of  '52  foot,  •843  ;  the  water  adhering  to  the  crest. 
With  a  head  of  ^6  foot  the  coefficient  was  •867,  and  with 
ahead  of  ^85  foot,  "840,  when  the  water  passed  over 
.  without  air  between  it  and  the  water  below  the  crest. 
The  following  tables  give  the  experimental  and  reduced 
coefficients  for  vertical  plank  weirs  of  different  heights, 
and  with  different  heads,  when  the  water  passes  over 
in  a  full  sheet,  and  also  when  it  adheres  to  the  crest 
and  joins  it  and  the  lower  water.  Also  for  plank  weirs 
suitable  for  sluices,  leaning  up-stream  with  a  slope  of 
one-third  horizontal  to  one  vertical. 
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<!0BFFICIBNTS  of  Vertical  Plank  Weirs  at  right  angles  to  the  Channel, 
when  tlifB  edge  is  chamfered  at  the  lower  arris,  and  when  the  head 
passing  over  is  in  contact  with  the  water  at  aiid  below  the  Weir ;  or 
when  the  water  immediately  below  thi  Weir  rises  to  the  crest..  The 
•maximum  coefficient  '733  appears  to  obtain  when  the  height  of  the 
Weir  is  double  ihi  depth  passing  over  the  crest. 


Heights  of  weirs,  in 

feet,  over  the  bottom  of  the  channel,  and 

•^■^ 

corresponding  values  of  the  coefficient  of  discharge  cj  in  the 

•«*: 

t^ 

formula  v  =  c^x 

%Vig 

h. 

1^ 

<siA 

■30 

•66' 

•82' 

■99' 

1-15' 

1^32' 

VH' 

1^65' 

1-81' 

1-98' 

■30 

■727 

... 

■33 

■724 

•33 

•36 

■721 

... 

•36 

•39 

■718 

•39 

•43 

•714 

... 

■43 

•46 

•709 

■46 

■49 

•702 

•708 

■715 

■724 

... 

■49 

■53 

•694 

•699 

■708 

■W. 

•53 

■56 

•687 

•693 

■700 

•729 

•56 

■59 

•679 

•687 

■694 

■705 

■721 

•59 

■63 

•676 

■682 

■689 

■700 

•717 

•63 

■66 

•672 

•678 

■684 

■696 

•714 

■66 

■73 

•667 

■672 

■678 

■690 

•708 

■i'iz 

... 

■73 

■79 

•661 

■666 

■673 

■685 

•705 

•729 

■79 

■86 

•655 

■660 

■669 

■681 

•700 

•724 

!!! 

•86 

■92 

•648 

■655 

•666 

■678 

•699 

•720 

•92 

■99 

•640 

■652 

•666 

■678 

■693 

•703 

■712 

•720 

■729 

•99 

1^05 

•631 

■645 

■657 

•669 

■681 

•691 

■702 

•711 

■720 

1^05 

l-\i 

•627 

■636 

■646 

■657 

■667 

•679 

■690 

■700 

■711 

1^12 

1-19 

•625 

■636 

■646 

■657 

•666 

•675 

•685 

■694 

•703 

1^19 

1^25 

•625 

•636 

■646 

■657 

■666 

•675 

•682 

•690 

•696 

1^25 

1^32 

•625 

■636 

■646 

■657 

■666 

•673 

•679 

■685 

•691 

1-32 

1^39 

... 

•666 

•672 

•678 

■682 

•684 

1^39 

1^45 

•664 

•670 

•675 

■679 

•684 

1^45 

1^52 

•661 

■667 

•672 

■676 

■681 

1^52 

1^58 

•658 

■663 

•669 

■672 

■675 

1^58 

1-65 

... 

•655 

■658 

•663 

•666 

■667 

1^65 

The  effect  of  the  form  of  the  crest  in  increasing  the 
coefficients  is  distinctly  observable  in  the  next  table, 
although  the  weirs  experimented  on  overhung  the  water 
above,  between  the  crest  and  the  bottom  of  the  channel. 

o  2 
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The  following  table  gives  the  result  of  experiments 
on  chamfered  plank  weirs,  for  gauging,  extending  across 
a  channel  at  right  angles  to  it,  when  the  back-water 

TaB'LB  of  Experimental  Coefficients  for  Plarik  Weirs  leaning  up-stream^ 
when  the  crest  has  the  dovm-stream  arris  rounded  to  a  qitadrant ;  and 
when  the  crest  is  cylindrical  arid  projecting  up-stream,  in  the  form,  of 
a  Tcnoi. 


Plank  weir  leaning  up-stream 
one-third  to  one;    the  lower 

Plank  weir  leaning  upwards 

'KeaAh 

arris  of  crest  rounded  off  to  a 
quadrant  of  a  circle  with   a 
radius  the  full  thickness    of 
the  plank. 

one-third   to   one,    the   crest 
rounded    and    projecting    in 
front  beyond  the  plank,  so  as 
to  be  thicker  than  it. 

in  feet. 

Water  free 

Water  in 

Water  in 

Water  in 

from  curve  of 

contact  with 

contact  with 

contact  with 

crest  -13  foot 

ciirve  of  crest 

curve  of  crest 

curve  of  crest 

thick. 

•17  foot  thick. 

•3  foot  thick. 

•33  foot  thick 

■16 

■589 

•651 

... 

•20 

•589 

•672 

•23 

•594 

•697 

•26 

•612 

•697 

•30 

•633 

•721 

■670 

■33 

■642 

•747 

•604 

■686 

■36 

■649 

•766 

■625 

■700 

■39 

■655 

•768 

■648 

■714 

■43 

■661 

•795 

■669 

■727 

•46 

■667 

•802 

■687 

•741 

■49 

•675 

■702 

•753 

■53 

•679 

■715 

•765 

■56 

•685 

^ 

■729 

•775 

■59 

■741 

•786 

■63 

■753 

•795 

■66 

•762 

•802 

•69 

... 

•808 

■n 

... 

•813 

below  was  joined  to  the  head-water  at  passing  over,  and 
"when  there  was  no  air  between  : — 


feet  feet  feet  foet  feet  feet  feet  feet 

Height  of  weir  over  the  bottom  of)  .„„  .„„  ,.„„  ,.,„  ,.„,,  ....  ,.„.  „.„. 

the  channel  below   .       .        .    .)  ^^  83  1  00  1 16  1  32  1  48  1  65  2  Ofr 

Heads  passing  over  the  weir  in  each  } 

case,  when  absorbed  at  the  crest  >--23  '31  ■SS  •45  -51  -59  ■66  "iia 
into  the  back-water     .       .       .} 
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\vhich  shows  that  the  head  was  drowned  {noyee)  when 
ihe  depth  of  the  lower  channel  below  the  crest  of  the 
Aveir  was  less  than  2|-  tunes  the  head  passing  over, 
taking  a  general  average. 

It  is  necessary  here  to  protest  against  the  nota- 
tion adopted  by  Boileau,  Morin  and  others,  of  giving 
only  two-thirds  of  the  coefEicient  of  discharge,  c^,  for 
-notches  and  weirs,  instead  of  the  full  and  true  value. 
The  correct  fonnula  for  the  discharge  from  a  notch  or 

2  / 

weir  isj)  =-lh  w  2g  h.    Now  they  assume   a    coeffi- 


•cient  due  to  an  incorrect  formula  i>  =  I  h  \/  2  g  h, 

2 

which  reduces  c^  to  -  c^  to  give  the  same  final  results. 

This  leads  also  to  an  imnecessary  distinction  between 
the  coefficients  of  orifices  at  the  surface,  or  notches, 
^nd  orifices  sunk  to  some  depth,  which,  practically, 
have  the  same,  or  nearly  the  same,  general  value.  Mr. 
Hughes,  at  p.  328  of  his  useful  treatise  on  Water-works, 
iirst  edition,  falls  into  the  same  error,  for  the  theore- 
tical discharge  per  minute  over  a  weir  one  foot  long  is 

■321  h^,  and  not  481  h^,  as  he  sanctions.  In  the  edition 
of  1872,  however,  p.  376,  he  gives  both,  with  a 
•common  factor  m,  giving  Mr.  BlackweU  as  an  authority 
for  the  former.  The  factor  in  must  be  the  coefficient 
of  discharge  and  cannot,  in  the  same  case,  have  two 
different  values.  The  coefficients  for  a  notch  and  an 
orifice  are  substantially  the  same  if  correct  formulae  for 
the  theoretical  discharges  he  adopted. 
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SECTION  IV. 

"VAKIATIONS    IN    THE    COEFFICIENTS   FEOM    THE    POSITION 
OF   THE    OEIFICE. — GENEEAL   AND    PAETIAL    CONTEAC- 

TION. VELOCITY   OF  APPEOACH. CENTEAl  AND  MEAN 

VELOCITIES. PEACTICAl     FOEMUL^     FOE     THE     DIS- 
CHARGE   OYEE   WEIES  AND  NOTCHES. 

A  glance  at  Table  I.  -will  show  that  the  coefficients 
increase  as  the  orifices  aj)proach  the  surface,  to  a 
certain  depth  dependent  on  the  ratio  of  the  sides,  and 
that  this  increase  increases  with  the  ratio  of  the  length 
to  the  depth  :  some  experimenters  have  found  the- 
increase  to  continue  umnterrupted  for  all  orifices  up  to- 
the  surface,  hut  this  seems  to  hold  only  for  depths, 
taken  at  or  near  the  orifice  when  it  is  square  or  nearly 
so  :  it  has  also  been  found  that  the  coefficient  increases, 
as  the  orifice  aj)proaches  to  the  sides  or  bottom  of  a, 
vessel :  as  the  contraction  becomes  imperfect  the  co- 
efficient increases.  These  facts  probabty  aiise  from 
the  velocity  of  approach  being  more  dii-ect  and  concen- 
trated under  the  respective  circumstances.  The  lateral 
orifices  A,  E,  c,  D,  E,  F,  G,  H,  I,  and  k,  Fig.  11,  have 
coefficients  differing  more  or  less  from  each  other.  The- 
coefficient  for  a  is  found  to  be  larger  than  either  of 
those  for  b,  c,  e,  or  d  ;  that  for  g  or  k  larger  than  that, 
for  H  or  I ;  that  for  H  larger  than  that  for  i ;  and  that 
for  F,  where  the  contraction  is  general,  least  of  all.. 
The  contraction  of  the  fluid  on  entering  the  orifice  f 
removed  from  the  bottom  and  sides  is  complete ;  it  is. 
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termed,  therefore,  "general  contraction  "  ^h&i  at  the 
orifices  A,  e,  g,  h,  i,  k,  and  d,  is  interfered  with  by  the 
sides ;  it  is  therefore  incomplete,  and  termed  "partial 
contraction."  The  increase  in  the  coefficients  for  the 
same-sized  orifices  at  the  same  mean  depths  may  he 
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assumed  as  proportionate  to  the  length  of  the  perimeter 
at  which  the  contraction  is  partial,  or  from  which  the 
lateral  flow  is  shut  off ;  for  example,  the  increase  for 
the  6rifice  g  is  to  that  for  Hasc<Z+de:de;  and  in 
the  same  manner  the  increase  for  g  is  to  that  for  e  as 
cd  -\-  de  •  cd.  If  n  he  put  for  the  ratio  of  the  con- 
tracted portion  cde  to  the  entire  perimeter,  and,  as 
before,  c^  for  the  coefficient  of  general  contraction,  then 
tibie  coefficient  of  partial  contraction  is  equal  to 
(35.)  Ca  -f-  -09  w  =  Q  +  "1  w  nearly, 

for  rectangular  orifices.  The  value  of  the  second  term 
"09  n  is  derived  from  various  experiments.  If  "617  be 
taken  for  the  mean  value  of  c^,  the  expression  may  be 
changed  into  the  form  (1  -|-  •146  n)  c^.  "When  w  =  j, 
this  becomes  1"036  q  ;  when  n  —  J,  it  becomes  1'073 
c  ;  and  when  m  =  f ,  contraction  is  prevented  for 
three-fourths  of  the  peiimeter,  and  the  coefficient  for 
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partial  contraction  becomes  1*10.9  Cg,.  The  form  whicli 
is  given  in  equation  (35)  is,  however,  the  simplest  ; 
but  the  value  of  n  must  not  exceed  J.  If  in  this  case 
Cfl  =  '617,  the  coefficient  for  partial  contraction  be- 
comes -617  +  -09  X  f  =  -617  +  -067  =  -684.  Bidone's 
experiments  give  for  the  coefficient  of  partial  contrac- 
tion (1  +  -152  n)  d, ;  and  Weisbach's  (1  +  -132  n)  c^. 

VARIATION   IN    THE    COEFFICIENTS   FEOM    THE    EFFECTS 
OP   THE    VELOCITY    OF   APPHOACH. 

Heretofore  it  has  been  generally  supposed  that  the 
water  in  the  vessel  is  almost  still,  its  surface  level  un- 
changed, and  the  vessel  consequently  large  compai'ed 
with  the  area  of  the  orifice.  When  the  water  flows  in 
a  channel  to  the  orifice  with  a  perceptible  velocity,  the 
contracted  vein  and  the  discharge  are  both  found  to  be 
increased,  other  circumstances  being  the  same.  K 
the  area  of  the  vessel  or  channel  in  front  exceed  tlurty 
times  that  of  the  orifice,  the  discharge  wUl  not  be  per- 
ceptibly increased  by  the  induced  velocity  in  the  con- 
duit ;  but  for  lesser  areas  of  the  approaching  channel, 
corrections  due  to  the  velocity  of  approach  become 
necessary.  It  is  clear  that  this  velocity  may  arise 
firom  either  a  surface  inclination  in  the  channel,  an 
increase  of  head,  or  a  small  channel  of  approach  sup- 
plied in  some  way. 

Equation  (6)  gives  the  discharge  from  a  rectangular 
orifice  A,  Fig.  12,  of  the  length  I,  with  a  head  measured 
from  still  water 

D  =  |caZ\^27  X  {/i|-ft|}. 
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in  which  Zii,  and  /i^  are  measured  to  the  surface  at  some 
distance  back  from  the  orifice,  as  shown  in  the  section. 
The  water  here,  however,  must  move  along  the  channel 
towards  the  orifice  with  considerable  velocity.  If  A  be 
the  area  of  the  orifice,  and  c  the  area  of  the  channel, 
it  may  be  supposed,  with  tolerable  accuracy,  that  this 


Fig.  12 
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velocity  is  equal  to  -fo,  in  which  v^  represents  the 
mean  velocity  in  the  orifice.  If  the  velocity  of  approach 
be  represented  by  %\,  then 

(36.)  ^a  =  ^  X  ^'o, 

and  consequently  the  theoretical  height  due  to  it — the 
same  as  when  there  is  no  contraction  at  the  vena-con- 
tracta — is 


(37.) 


h,  =  ^xp  =  -0155 

and  taking   the  head  due  to  contraction, 
&c.,  into  account 


K  = 


^gol 


•0155 


eld'  y 


in  feet  measures.*    The  height  h^  may  be  considered 

*  When  the  approaching  velocity  passes  through  the  orifice  without 
contraction,  it  is  evident  that  the  head  h^  required  to  produce  that 


(40.) 
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as  an  increase  of  head,  converting  hy,  into  h^  +  ha>  and 
At  into  7?t  +  /la-  The  "discharge  therefore  now  he- 
comes 

(38).      D  =  J  ca  W2g  |  (^b  +  W'  -  ih  +  W^  } ; 
which,  for  notches  or  weirs,  is  reduced  to 
(39.)        D  =  I Q  W^  {  {K  +  ^O'  -  /^a  '  }  ,* 

as  At  then  vanishes.  As  t>  is  also  equal  to  a  X  Vo,  equa- 
tion (37) -may  be  changed  into 

and  taldng  the  head  due  to  contraction, 
&c.,  into  account, 

_  D^       _J_  _  -0155  D^ ) 
\^'--d^^-^gcl         eld"     y 
in  feet  measures. 

If  this  value  for  h^  be  substituted  in  equations  (38) 
and  (39),  the  resulting  equations  will  be  of  a  high 
order  and  do  not  admit  of  a  direct  solution ;  and  in 

velocity  in  the  orifice,  with  contraction  outside  at  the  vcna-cmitracta, 

must  te  h.  =  ?r5    x   s — ° — a  instead  of  A,  =  -7=^,   x   ^'      In    likci 
iu-         1  g  y.  cl  Kj-        A  g 

manner  A.  =  3 5—  =  "04  vl  in  feet  measures  when  r.  is  the  velo- 
city of  approach  and  d  —  "617. 

*  The  formula  for  the  discharge  over  weirs,  taking  into  account  th& 
velocity  of  approach,  D  =  2-95  Cx  I  V  /i  +  -115  vt,  given  by  D'Aii- 
buisson,  "Traite  Hydraulique, ''  seoonde  edition,  pp.  78  et  95,  and 
adopted  by  some  English  writers  and  engineers,  is  incorrect  in  principle.. 
In  feet  measures  it  becomes  r  =  5"35  Ca  Ih  x  V  A  +  '03494  v\  which 
form, — ^with  alterations  in  the  numerals  and  measures,  was  used  for 
calculating  discharges  of  sewers  during  the  Metropolitan  Maix 
Drainage  discussion. 
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(38)  and  (39),  as  they  stand,  h^  involves  implicitly 
the  value  of  d,  which  is  what  is  sought  for.  By 
finding  at  first  an  approximate  value  for  the  velocity 
of  approach,  the  height  h^  due  to  it  can  easily  he 
found,  equation  (37) ;  this  height,  suhstituted  in  equa- 
tion (38)  or  (39),  will  give  a'  closer  value  of  d,  from 
"which  agam  a  more  correct  value  of  li^  can  be  deter- 
mined ;  and  by  repeating  the  operation  the  values  of 
i>  and  /ia  can  be  had  to  any  degree  of  accuracy.  In 
general  the  values  found  at  the  second  operation  will 
be  sufficiently  correct  for  all  practical  purposes. 

It  has  been  already  observed  that,  for  orifices,  it  is. 
advisable  to  find  the  discharge  fi-om  a  formula  ia 
which  only  one  head,  that  at  the  centre,  is  made 
use  of;  and  though  Table  IV.,  as  shall  be  shown,, 
enables  us  to  calculate  the  discharge  with  facility  from 
either  formula,  it  will  be  of  use  to  reduce  equation. 
(38)  to  a  form  in  which  only  the  head  (7i)  at  the  centre 
is  used.  The  error  in  so  doing  can  never  exceed  six 
per  cent.,  even  at  small  depths,  equation  (31),  and  this, 
is  more  than  balanced  by  the  observed  increase  in  the 
coefficients  for  smaller  heads. 

The  formula  for  the  discharge  from  an  orifice,  hy 
being  the  head  at  the  centre,  is 

D  =  Ca  V  ^gh  X  A  ; 
and  when  the  additional  head  h^,  due  to  the  velocity  of 
approach,  is  considered, 

D  =  Cd  \/2g(li  +  h^)  X  A, 
which  may  be  changed  into 

(41.)*  D  =  A^/277,  X  ca  { 1  +  5f   }  *• 

*  See  equation  (41  A),  Section  YII.  infra. 
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■equation  (39),  for  notches,  may  be  also  changed  to  the 
■form 

this  is  similar  in  every  way  to  the  equation 

<43.)     -  =  W2^xc.{(l  +  |)^-(^*y}, 

for  the  discharge  from  a  rectangular  orifice  whose 
■depth  is   d,   with  the   head   li^,  at   the   upper   edge. 

'  ("/!)-- 

Table  III.  contains  the  values  of  <    1  +  — ?'   >-    m 

equation  (41),  and  Table  IV.  the  values  of 

if  1+^  ^5  —  CAa  Vha  equation  (42),  or  the   similar 

expression  in  (43),    -?  or—  being  put  equal  tow;  and 
At      d 

it  may  be  perceived  that  the  eifect  of  the  velocity  of 

approach  is  such  as  to  increase  the  coefiEicient  from  c^ 

to  Cd  -j  1  +— ?  t  ^  for  orifices  sunk  some  distance  be- 
low the  surface,  in  which  h  is  the  depth  of  the  centre  of 
the  orifice ;  and  into 


'^{^^mm 


for  weirs  when  li^  is  the  height  due  to  the  velocity  of 
approach,  and  h^^  the  head  on  the  weir.  A  few  ex- 
4imples,  showing  the  application  of  the  formulae  (41), 
(42),  and  (43),  and  the  application  of  Tables  I.,  II., 
III.,  and  IV.  to  them,  will  be  of  use.  Suppose, 
ior  the  present,  the  velocity  of  approach  v^,  to  be 
^iven,  and  no  extra  head  required  to  maintain  it 
through      the      orifice  :      in      other      words,      when 
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=  '017  Va  in  feet  measures  nearly. 


25X-9562 

Example  I.  A  rectangular  orifice,  12  inches  wide 
by  4  inches  deep,  has  its  centre  placed  4  feet  below- 
the  surface,  and  the  water  approaches  the  head  with 
a  velocity  of  28  inches  per  second ;  what  is  the  dis- 
charge ? 

For  an  orifice  of  the  given  proportions,  and  sunk 
to  a  depth  nearly  four  times  its  length,  find  from 
Table  I. 

^^^;6i6+jM7^.g2i  nearly. 

As  the  coefficient  of  velocity,  equation  (2),  for  water 
flowing  in  a  channel  is  about  "956,  find  from  column 
No.  3,  Table  II.,  the  height  h^=l^  =  1-125  inch 
nearly,  corresponding  to  the  velocity  28  inches.  Equa- 
tion (41), 

i>=AV271XCd{  1+-^U, 
now  becomes 

D=:12x4V2p  x-621  [  1  +^=  |t 
Also  find  v'2aA  =192*6 inches,  when  h=48  inches, 
in  Table  II. ;  therefore 

D=12  X  4 X 192-6  X  -621 1  1  +i^  | * 

—9244-8  X  -621  {1  +  -0234}!  =  9244-8  x  -621  x  1-0116, 
(as  {1-0234}2=1-0116  from  Table  III.)=9244-8  X  -628 
nearly  =  5805-7  cubic  inches  =  3-36  cubic  feet  per 
second.  Or  thus :  The  value  of  -621  x  (1-0234) 
being  found  equal  -628,  d=ax-628V2^x48.  Now 
for  the  coefficient  -628,  and  /i=48  inches.  Table  II. 
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gives  US  -^28  s/2  gr  X  48  =  120-96  inclies ;  hence  d  = 
12  X  4  X  120-96  =  5806-08  cubic  inches  =  3-36  cubic 
■feet,  the  same  as  before,  the  diiFerence  of  -38  in  the 
■cubic  inches  being  of  no  practical  value. 

If  /7„  be  found  from  the  formula  h^=  ^  ^  „-,  then  is 

25fc| 

7/^=2-6  inches,  and  the  discharge  becomes  d=3-40 

'cubic  feet  nearly. 

If  the  centre  of  the  orifice  were  within  1  foot  of  the 

surface,  the  eifect  of  the  velocity  of  approach  would  be 

much  greater ;  for  then 

^^x  I  1+^*  |^  =  (from  Table  I.)  -623 

I  1  +1^5  H  ^  (f^.o^  Table  III.)  -628  x  1-047= 

'"652  instead  of  -628.  In  this  case  the  discharge  is  d  = 
12x4x  -652  V2gr  X  12=12  x  4  x  -652x96-3  (from 
Table  II.) '=  12  X  4  X  62-8  =  3014-4  cubic  inches  = 
1-744  cubic  feet  per  second.  Or  find  the  value  of  -652 
V  2  (jf  /t  directly  from  Table  IT.  thus  : 

The  value  of  -628  V  '2,g  X^12  =  60-48     -628 
The  value  of  -666  V  2  r/  x  12  =  64-14     -652 

^8  :  "3^  :  :~^  :  2-81. 

Hence  -652  V27^  =  60-48  +  2-31  =  62-79,  and  the 
■discharge  =  12  x  4  x  62-79  x  3013-92  cubic  inches  = 
1-744  cubic  feet  per  second,  the  same  as  before. 

If  h^  be  taken  equal  to  _%  =2*6  inches,  then  the 

resulting  value  of  d  =  1*833  cubic  feet  nearly. 

Example  II.    A  rectangular  notch,  7  feet  long,  has 
a  head  of  8  inches  meamred  at  about  4  feet  alove  the 
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crest,  and  the  water  approaches  the  over-fall  with  a 
velocity  of  16\  inches  per  second;  what  is  the  dis- 
charge ? 

For  a  still  head  assume  ca  =  '628  in  this  case,  and 
then  from  equation  (42) 


^w>^"{{^+iy-{'m 


3  -  .     .  ,lb' 


As  in .  the  last  example,  find  from  Table  II.  (/«»)  the 
height  due  to  the  velocity  of  approach  (165-  inches)  to 

3 

be  J  =  3*375  iach,  assuming  the  coefficient  of  velocitj"- 

to  he  -956.     Therefore,  h^  =  '375,  K  =8,  0^-  -628, 

and  A  =  7  X  12  X  8  ;    or  for  measures   in  feet  7^ 

K 

2  2 

=  '047,  feb  =  T>  ^^^  A  =  7  X  - ;  hence 

D= J  X  7  X  I  /  2  ^  X  i  X  -628 1  (1-047)  ^  -  ('047)^  1 . 

The  value  of    (1-047)^  -   ('047)^  will  he  found  from 

Table  IV.  equal  to  1-0612 ;  the  value  oi  ^  2  g  X- 

wiU  he  found  from  Table  II.  equal  to  6-552,  viz.  by 
dividiug  the  velocity  78-630,  to  be  found  opposite  8 
inches,  by  12 ;  hence 

D=:|x7x|x  6-552  X  -628  x  1-0612 

=  y  X  7  X  4-368  X  -628  X  1-0612 

r=  I  X  7  X  4-368  X  -666  nearly. 

=  I  X  7  X  2-909  =  7  X  1-939 
=  13-573  cubic  feet  per  second  =  814-38  cubic  feet 
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per  minute.  Or  thus :  From  Table  VI.,  when  the 
coefficient  is  '628,  the  discharge  from  a  weiir  1  foot 
long,  with  a  head  of  8  inches,  is  found  to  he  109"731 
cubic  feet  per  minute.     The  discharge  for  a  weir  7  feet 

long,  when  ^  =  -047  is   therefore    109-731  X  7  X 
h 

1-0612  =  815-12  cubic  feet  per  minute.    The  difference 

between  this  value  and  that  before  found,  814-38  cubic 

feet  is  immaterial,  and  has  arisen  from  not  continuing 

all  the  products  to  a  sufficient  number  of  places  of 

decimals. 

If  ha  =  (C-^  =  "87  inch,  then  d  =  14-5  cubic  feet 

per  second,  or  870  cubic  feet  per  minute  nearly. 

In  equations  (36)  and  (37),  the  relations  between  the 
channel,  orifice,  velocity  of  approach,  and  velocity  in 
the  orifice,  are  pointed  out,  viz., 

^  X  V,,  and  ^,  =  -^!  x  S-=     "" 


c  c^        2<;       25fc^ 

in  which  h^  =  — — 
^9 
(neglecting,  for  the  present,  the  coefficient  of  velocity 

m  passing  through  the  orifice).  As  Vg  is  the  actual 
velocity  in  the  orifice,  —5  must  be  the  theoretical  velocity 
due  to  the  head  h  +  h.,  and  therefore 


h  +  K 
hence 

K  _       1 

-       ''■''        and  ft-       ''°            ^• 

4x2/"^*''      4x2^     .2/ 
_      4<      _      e|A='         .    vl 

C2 

h           vl 

_l^vl'4<      c^-4A^''°\r 

'  A* 

vi  X  d 
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And  therefore 

(44.) 

K- 

cIk' 

cl 

h       c' 

-  6-1  A^ 

W? 

cl 
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substituting  this  vakie  in  equations  (41)  and  (42),  there 

results 
/ 


(45.) 


D  =  A  V2  fl  /i  X  ca  j  1  + ^,  }*  or, 


ma 
9 


D  =  AvA27rx  ''^ 


in  which  m  =  — ,  for  the  discharge  from  an  orifice  at 

A 

some  depth ;  and  for  the  discharge  from  a  weir, 

The  last  two  equations  give  the  discharge  when  the 
ratio  of  the  channel  to  the  orifice  —  =  m  is  known,  when 

A 

fea  =  jr-2-,  and  when  at  the  same  time  the  whole  quantity 

of  water  passing  through  the  orifice,  that  due  to  the 
velocity  of  approach  as  well  as  that  due  to  the  pres- 
sure, is  supposed  to  suffer  a  contraction  whose  coefficient 
is  Cg,. 

When  h^  =- — ^ — ^,  that  is  when  the  velocity  of 
2  g  X  Cg 

approach,  Vg,,  passes  through  the  orifice  without  con- 
traction, we  shall  get 

(44a.)  !^.= 


h       vl  —  vl       c"  —  A^        m^  —1 

H 
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consequently,  in  this  case,  equation  (45)  becomes 
.(45a.)  D  =  A  V^^   X  Cd  X     I  1  + -a^uy  }  ^  = 

,-and  equation  (46)  in  like  manner  changes  into 
.{46a.)D  =  lAV27^xc,  X     |(l  +  _^)^ 

The  last  multipliers  of  these  two  equations, 

<  1  +  ;?l-i)' »"  ( 1  +,-?^)  •  -  (rfi-i>.  - 

the  same  as  the  like  multipliers  in  (45)  and  (46),  when 
Cfl,  witiiin  the  brackets  =  1 ;  consequently  their  values 
•are  at  once  found  from  the  coefficient  unity,  1,  in  the 
last  page  of  Table  V.,  for  the  respective  values  of 

m  =  -;  and  also  for  those  of  -^  =  —. "When 

A  h^      m'  —  1 

€4=1,  equations  (45)  and  (45a)  may  be  changed  into 

the  particular  case 


D  =  A 


\m)[  U/i^-lJ 


•which  is  the  equation  of  Daniel  Beenoulli. 
When  A  =  c,  or  the  orifice  is  equal  to  the  channel, 

then  — s — ■ —  becomes  infinite,  and  hence  li  must  be  zero, 
m^—  1 

Indeed,  this  assumption  cannot  be  made  consistently, 

for  any  given  depth  of  water ;  and  the  ratio  m  can  never 

lecome  so  small  as  unity.     A  full  discussion  of  the 
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theoretical  question  would  be  out  of  place  here.  It  is 
only  necessary  to  observe,  that  the  two  last  columns  in 
Table  V.  give  the  multipliers  of  c  in  equations  (45a) 

and  (46a)  to  find  the  coefficients  suited  to  -  =  m,  which 

in  practice  should  seldom  or  never  be  less  than  2. 

Ifra^     /^      .  thevalues  of  j  1  +  -^ U' 

m^  —  cl  I  m^  —  4  J 

and   of  jl  +  _^A_  l^  -   (^^  ]K   respec- 

tively,  can  be  easilj'  had  from  Tables  III.  and  IV. 
Table  V.  has,  however,  been  calculated  for  different 
ratios  of  the  channel  to  the  orifice,  and  for  different 
values  of  the  coefficient  of  discharge.  This  table  gives 
at  once  the  values  of 

c.  (l+-T^   i^andca|(l  +  ^^.  ¥  - 

w  -  clJ  ) 

as  new  coefficients,  and  the  corresponding  value  of 
^  and  ^  -      ''^ 


h  Ab      m^  —  (^ 

in  equations  (44)  and  (46)  t 

It  is  equally  applicable,  therefore,  to  equations  (41) 
and  (42)  as  to  equations  (45)  and  (46).     For  instance, 

here  at  once  is  found  the  value  of  "628  X  {  (i'047)»  — 
(•047)s}  in  Example  II.,  p.  95,  equal  to  '666,  as  ^^^  = 

"047,  and  the  next  value  to  it  for  the  coefficient  "628, 
in  the  table,  is  "046,  opposite  to  which  is  found  "ee^, 
the  new  coefficient  sought.  The  sectional  area  of 
the  channel  in  this  case,  as  appears  from  the  first 

H  2 


lOQ. 
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column,  must  be  about  tbree  times  that  of  the  weir  or 
notch. 


w?  —  1 


&  —  K" 


then    ill   Ex- 


■""'C^^)-(^)'="^^' 


When   ^^  = 
K 

AMPLE  II.  _i  = 

Table  IV.  (or  Table  V.  for  the  coefficient  1).  Hence 
in  this  case  -628  X  1'133  =  '712  the  new  coefficient 
suited  to  the  velocity  of  approach.     Here  of  course  h^  ~ 

^  9  ^& 

Table  V.  is  calculated  from  coefficients  c^,  in  still 
water,  which  vary  from  "550  to  1.  Those  from  "606 
to  "BSO,  and  the  mean  value  "628  are  most  suited  for 
application  in  practice.  When  the  channel  is  equal 
to  the  orifice,  the  supply  should  equal  the  discharge, 
and  for  open  channels,  with  the  mean  coefficient 
'628,  we  find,  accordiagly,  from  the  table,  the  new 
coefficient  1"002  for  weirs  ;  or  1  very  nearly  as  it 
should    be.      It  is   also    found   in    the    same    case, 

viz.,  when  a  =  c,  and 
Ci  =  "628,  that  for  short 
tubes.  Fig.  13,  the  resulting 
new  coefficient  becomes  '807. 
This,  as  will  afterwards  be 
seen,  agrees  very  closely 
with  the  experimental  results.  When  the  coefficients 
in  stiU.  water  are  less  than  '628,  or  more  correctly 
•62725,  the  orifice,  according  to  this  formula,  cannot 
equal  the  channel  unless  other  resistances  take  place, 
such  as  from  friction  in  tubes  longer  than  one  and  a 
haK  or  two  diameters,  or  in  wide-crested  weirs.     For 
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greater  coefficients  the  junction  of  the  short  tube  with 
the  vessel  must  be  rounded, 
Fig.  14,  on  one  or  more 
sides ;  and  in  weirs  or 
notches  the  approaches 
must  slope  from  the  crest 
and  ends  to  the  bottom  and 
sides,  and  the  overfall  be 
sudden.  The  converging  form  of  the  approaches  must, 
however,  increase  the  velocity  of  approach ;  and  there- 
fore «?a  is  greater  than  -  y.  Vq  when  c  is  measured  be- 
tween r  o  and  e  o.  Fig.  14,  to  find  the  discharge,  or 
new  coefficient  of  an  orifice  placed  at  r  o. 

As  the  coefficients  in  Table  V.  are  best  suited  for 
orifices  at  the  end  of  short  cylindrical  or  prismatic 
tubes  at  right  angles  to  the  sides  or  bottom  of  a  cistern, 
a  correction  is  required  when  the  junction  is  rounded 
off  as  at  E  o  r  o.  Fig.  14.  When  the  channel  is  equal 
to  the  orifice,  the  new  coefficient  in  equation  (45) 
becomes 

The  velocity  in  the  short  tube  Fig.  14  is  to  that  in 
the  short  tube  Fig.  13  as  1  to  c^  |  fZTp  \ '  nearly, 
for  the  mean  value  Ca  =  "628,  as  1  to  -807.    Now,  as 

0   _  y 

—  is  assumed  equal  to  ^   in  the  cylindrical  or  pris- 

A 


or 


matic  tube,  Fig.  13, 


•807  c 


Vo 


=  —  iQ  the  tube  Fig.  14 


with  the  rounded  junction,  for  v^  becomes  .qq;^  ;  hence 
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in  order  to  find  the  discharge  from  orifices  at  the  end 
of  the  short  tube,  Fig.  14,  it  is  only  necessary  to  mul- 

ft 

tiply  the  numbers  representing  the  ratio  -  in  the  first 
column,  Table  V.,  by  -807,  or  more  generally  by  c^ 

I 2  \  ^,  and  find  the  coefiicient  opposite  to  the 

product.      Thus  if  c^  =  '628,  then,  when  -  =  1,  c^x 

I  :r^;7-2 1  ^  =  "807  in  the  table.  If,  again,  ^  =  3, 
then  3  x  -807,  =■  2-421,  the  value  of  -f-  for  the  tube 


c 
I' 


Fig.  14,  and  opposite  this  value  of  -,  taken  in  column 
1,  there  is  found  '651  for  the  new  coefficient.  For  the 
cylindrical  or  prismatic  tube,  Fig.  13,  the  new  coeffi- 
cient would  be  only  "642.     When  the  head  h^  is  how- 

ever  equal  to    „    ^  «   the   results    must    be    modified 

accordingly  (see  Note,  p.  89).*  When  A  is  measured 
from  stiU  water  in  a  cistern.  Figs.  13  and  14,  and  17^ 
the  velocity  of  approach  at  c,  in  a  short  tube,  inserted 
at  the  sides,  or  bottom,  then  we  must  take  h  —  h^  for 
the  head,  h. 

*  Professor  Eaakine  gives  the  value  of  the  coeflScient  of  dischai^, 
or  contraction,  for  varying  values  of  A  and  c  at  a  diaphragm  m  a  pipe 
by  the  empirical  formula 

•618 

(i--618k^,)* 

A  A 

"When  7"  =  0,  ci  =  -eiS ;  and  when—  =  1,  Cd  =   1 ;  as  it  should  be 

very  nearly  for  an  orifice  in  a  thin  plate,  to  which  only,  and  to  an 
orifice  A  at  the  end  of  a  short  tube.  Fig.  14,  the  formula  is  suited  (see 

Sr.OTiON  X). 
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DIFFERENT  EFFECTS  OF  CENTRAL  AND  MEAN   VELOCITIES 
IN   A    SHORT   TUBE    AND    CHANNEL. 

There  is,  however,  another  element  to  be  taken  into 
consideration,  and  which  it  is  necessary  to  refer  to 
more  particularly  hereafter.  It  is  this,  that  the  central 
velocity,  directly  facing  the  ori&ce,  is  also  the  maximum 
velocity  in  a  short  tube,  and  not  the  mean  velocity. 
The  ratio  of  these  velocities  is  1 :  "835  nearly ;  hence, 

in  the  example,  p.  102,  where  -  =  3,  we  get  3  x  '835 
=  2*505  for  the  value  of  -  in  column  1,  Table  V., 

A 

opposite  to  which  is  found  "649,  the  coefficient  for  an 

orifice  of  one-third  of  the  section  of  the  tube  when 

cyliadrical  or  prismatic,  Fig.   13 ;  and  3  x  'SSS  X 

•807  =  2'02.  nearly,  opposite  to  which  we  shall  get 

"661  for  the  coefficient  when  the  orifice  is  at  the  end 

of  the  short  tube.  Fig.  14,  with  a  rounded  junction. 

c  c 

Therefore,  -   x    '835  equal  to   the  new  value  of  - 

for  finding  the   discharge   from   orifices   at   the   end 

of    cylindrical   or    prismatic   tubes,   and  -    x    "835 

X    "807  =  -    X    "67   nearly  for  the   new  value   of 

A 

—  when  finding  the   discharge  from  orifices  at  the 

end  of  a  short  tube  with  a  rounded  junction. 

The  ratio  of  the  mean  velocity  in  a  tube  to  that 
facing  the  orifice  cannot  be  less  than  "835  to  1,  and 
varies  up  to  1  to  1 ;  the  first  ratio  obtaining  when 
the  orifice  is  pretty  small  compared  with  the  section  of 
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the  tube,  and  the  other  when  they  are  equal.     If  the 

curve  D  c,  whose  abscissae  (a  h)  represent  the  ratio  of 

the  orifice  to  the 
section  of  the  tube, 
and  whose  ordi- 
nates  (6  c)  repre- 
sent the  ratio  of  the 
mean  velocity  in 
the  tube  to  that 
facing  the  orifice,  be 

supposed  to  be  a  parabola,  then  the  following  values 

are  found : — 


Ratio  oftheotifloe 

■values  of                     Va 

A    _    Aft 

0          AB 

Lues  of 
dc 

Batio  of  tlie  mean 
velocity  of  approacli 
in  a  tube  or  channel 
to  that  directly  op- 
posite the  orifice, 
or  values  of  b  c. 

•0 

165 

•835 

■1 

163 

•837 

•2 

158 

•842 

■3 

150 

•850 

•4 

139 

•861 

•5 

124 

•876 

•6 

106 

•894 

•7 

084 

•916 

■8 

059 

•941 

•9 

031 

•969 

1-0 

000 

1^000 

These  values  of  &  c  are  to  be  multiplied  by  the  cor- 
responding  ratio  -  in  order  to  find  a  new  value, 
opposite  to  which  will  be  found,  in  the  table,  the 
coefficient  for  orifices  at  the  ends  of  short  prismatic 
or  cylindrical  tubes ;  and  this  new  value  again  mul- 
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f      1      )  - 
tiplied  by  "807,  or  more  generally  by  c^  \ ^  ■  #,  will 

c 
give  another  new  value  of  -,  opposite  to  which,  in  the 

table,  wiU  be  found  the  coefficient  for  orifices  at  the 
ends  of  short  tubes  with  rounded  junction. 

Example  III. — 
What  shall  be  the 
discharge  from  an 
orifice  A,  Fig.  16, 
2  feet  long  by  Ifoot 
deep,  when  the  value 

of  -  is  3,  and  the 
depth  of  the  centre 
of  a1  foot  6  inches 
below  the  surface  ? 

The  theoretical  discharge  is  d  =  2  x  1 
(Table  II.)  =  2  x  9-829  =  19-658  cubic  feet  per 
second.  From  the  table  on  last  page  the  coefficient 
for  the  mean  velocity,  facing  the  orifice,  is  about  -86  ; 
hence  ^  x  -86  =  3  x  -86  =  2-58.  If  the  coefficient 
be  taken  from  Table  I.,  it  is  found  (opposite  to  2, 
the  ratio  of  the  length  of  the  orifice  to  its  depth) 
to  be  -617 ;  and,  for  this  coefficient,  opposite  to  2-58, 
in  Table  V.,  or  the  next  number  to  it,  the  required 
coefficient  "636  is  found ;  hence  the  discharge  is  -636 
X  19-658  =  12-502  cubic  feet  per  second.  If  the 
coefficient  in  still  water  be  taken  at  -628,  then  we  shall 
obtain  the  new  coefficient  -647,  and  the  discharge 
•  See  pp.  97  and  98,  with  reference  to  the  modifications  of  equations 
(45)  and  (46)  into  (45o)  and  (46ai)  svuted  to  A.  =  jj-i-,- 


117-945 

X 

12 
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would  be  -647  x  19-658  =  12-719  cubic  feet.     If  the, 

junction  of  the  tube  with  the  cistern  be  rounded,  as 

shown  by  the  dotted  lines,  then  multiply  2-58  by  '807, 

c  • 

which  gives    2-08  for  the  new  value  of  -,  opposite 

which,  in  Table  V.,  when  the  first  coefficient  is  -628, 
the  new  coefficient  -659  is  found;  and  the  discharge  in 
this  case  would  be  "659  x  19-658  =  12-955  cubic  feet 
per  second. 

It  is  not  necessary 
to  take  out  the  coeffi- 
cient of  mean  velocity 
facing  the  orifice  to 
more  than  two  places 
of  decimals.  For 
gauge  notches  in  thin 
plates  placed  in 
streams  and  millraces.  Fig.  17,  the  mean  coefficient 

*628,  for  still  water,  may  be  assumed  ;  thence  the  new 

c 
coefficient  suited  to  the  ratio  —  may  be  found,  as  in 

the  first  portion  of  Example  III. 


When  /ja  is  taken  equal  to  „ 


— 2  then  from  TableV. 
9  Cd 

with  a  coefficient  of  1,  and  2*58  for  the  ratio  of  the 

channel  to  the  orifice,  the  value  of   ^   1  +  — = 5-  ^ 

t  m^  —  1  J 

in  equation  (45a)  is  1-085.      Hence  the  discharge  is 

19-658  X  -617   X   1-085  -  19-658  x  -6694  =  13-16 

cubic  feet  per  minute  in  this  case. 

Example  IV.  What  shall  be  the  discharge  through 

the  aperture  a,  eqnul  2  feet  by  1  foot,  tvhen  the  channel 

is  to  the  orifice  as  3*375  to  1,  and  the  depth  of  the 


ORIFICES,    WEIES,  PIPES,  AND  RIVERS.  107 

centre  is  1"25  foot  below  the  surface,,  taken  at  about  3 
feet  above  the  orifice  ? 

Here  the  coefficient  of  tlie  approaching  velocity  is 

•85  nearly,  whence  the  new  value  of  -  is  3*375  x  *85 

=  2'87 ;  and  as  c^  =  "628,  from  Table  V.  the  new 
coefficient  is  "644.     Hence 

D=2xlx  '^  X  -644  (Table  II.)  =  2  x  8-972  x  "644 

=  17"944  X  -644  =  11-556  cuhic  feet  per  second. 
Weisbach  finds  the  discharge,  by  an  empirical  formula, 
to  be  11-31  cubic  feet.  If  the  coefficient  be  sought  in 
Table  I.,  it  is  -617  nearly,  from  which,  in  Table  V., 
the  new  coefficient  is  found  to  be  -632 :  hence  17-944 
X  -632  =  11-341  cubic  feet  per  second.  If  the  co- 
efficient -6225  were  used,  the  new  coefficient  equals 
"638,  and  the  discharge  11-468  cubic  feet.  Or  thus : 
The  ratio  of  the  head  at  the  upper  edge  to  the  depth 

g 

of  the  orifice  is  -  =  "75,  and  from  Table  IV.  we  find 

<l-75)2  —  (-75)2  =  1-6655.  Assuming  the  coefficient 
to  be  -644,  find  from  Table  VI.  the  discharge  per 
minute  over  a  weir  12  inches  deep  and  1  foot  long 

,  .    ,     .     208-650  +  205119  -.„  „„  .  ■,  •       „      ,  i  ■, 

which  IS ^ =  206-884  cubic  leet  nearly ;  and 

as  the  length  of  the  orifice  is  2  feet,  then  — • 

=  11-482  cubic  feet  per  second,  which  is  the  correct 
theoretical  discharge  for  the  coefficient  -644,  and  less 
than  the  approximate  result,  11-556  cubic  feet  above 
found,  by  only  a  very  small  difference.  The  velocity 
of  approach  in  this  example  must  be  derived  from  the 
surface  inclination  of  the  stream. 

When  ha  =  „   *  ,,  then  with  a  coefficient  1  and  2*87 
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for  the  value  of  -  the  last  page  of  Table  V.  gives  1'067, 
by  interpolation,  for  the  value  of  -j  1  H ^ -..  r 

in  equation  (45a)  see  pp.  112  and  113.  Hence  the 
discharge  is  17-944  X  -628  X  1-067  =  17-944  X 
"670  =  12-02  cubic  feet  per  second. 

For  notches,  or  Poncelet  weies,  the  approaching 
velocity  is  a  maximum  at  or  near  the  surface.  If  the 
central  velocity  at  the  surface  facing  the  notch  be  1, 
the  mean  velocity  from  side  to  side  will  be  -914. 
Assume  therefore  the  variation  of  the  central  to  the 
mean  velocity  to  be  from  1  to  -914 ;  and  hence  the 
ratio  of  the  mean  velocity  at  the  surface  of  the  channel 
to  that  facing  the  notch  or  weir  cannot  be  less  than 
•914  to  1,  and  varies  up  to  1  to  1 ;  the  first  ratio 
obtaining  when  the  notch  or  weir  occupies  a  very 
small  portion  of  the  side  or  width  of  the  channel,  and 
the  other  when  the  weir  extends  for  the  whole  width. 
Following  the  same  mode  of  calculation  as  at  p.  104, 
Fig.  15,  the  following  results  will  be  obtained  : — 


Eatio  of  the  width 
of  the  notch  to 
the  width  of 
the  channel. 

Values  of 

de. 
Pig.  15. 

Values  of 

6  c, 

Kg.  16. 

•0 

a 

•2 
•3 
■4 
•5 
•6 
•7- 
■8 
•9 
1-0 

■086 
•085 
•083 
•078 
•072 
•064 
■055 
•044 
•031 
■016 
•000 

■914 
■915 
■917 
■922 
■928 
■936 
■945 
■956 
■969 
■984 
1^000 
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These  values  of  6  c  are  to  be  used  as  before,  in. 

order  to  find  the  value  of  -,  opposite  to  which  in  the 

tables,  and  under  the  heading  for  weirs,  will  be  found 
the  new  coefficient. 

Example  V.  The  length  of  a  weir  is  10  feet ;  the 
width  of  the  approaching  channel  is  20  feet;  the  head, 
measured  about  6  feet  above  the  weir,  is  9  inches ; 
and  the  depth  of  the  channel  3  feet:  what  is  the 
discharge  ? 

Assuming  the  circumstances  of  the  overfall  to  be  ■ 
such  that  the  coefficient  of  discharge  for  heads, 
meaisured  from  still  water  in  a  deep  weir  basin  or 
reservoir,  is  "617,  then  from  Table  VI.  the  discharge 
is  128-642  X  10  =  1286-42  cubic  feet  per  minute ;  but 
from  the  smallness  of  the  channel  the  water  approaches 

the  weir  with  some  velocity,  and  -  =r  -——3  =  8.  Also 

A  4 

the  width  of  the  channel  is  equal  to  twice  the  width  of 
the  weir,  and  hence  (small  table,  p.  108,)  8  x  -936 

=  7-488  for  the  new  value  of  -.     From  Table  V.  is 

A 
■622  +  -624 

now  found  the  new  coefficient — - —  =  -623,  and  hence 

1286-42  X  '623 

the  discharge  is  — -- —    =   1298-93    cubic  feet  per 

minute.  Or  thus :  As  the  theoretical  discharge, 
Table  VI.,  is  2084-96  cubic  feet,  then  2084-96  x 
'623  =  1298-93,  the  same  as  before.  In  this  example, 
however,  the  mean  velocity  approaching  the  oyerfaU 
bears  to  the  mean  velocity  in  the  channel  a  greater 
ratio  than  1  :  "936,  as,  though  the  head  is  pretty  large 
in  proportion  to  the  depth  of  the  channel,  the  ratio  of 
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the  sections  -  =  J  is  small.     It  is  therefore  more 

correct  to  find  the  multiplier  from  the  small  table, 

p.  104.     By  doing  so  the  new  value  of  -  is  8  x  "SSS 

—  6*704.  From  this  and  the  coefficient  "617  we 
shall  find,  as  before  from  Table  V.,  the  new  coeffi- 
cient to  be  -627 ;  hence  2084-96  x  '627  =  1307-27 
cubic  feet  per  minute  for  the  discharge. 

The  foregoing  solution  takes  for  granted  that  the 
velocity  of  approach  is  subject  to  contraction  before 
arriving  at  the  overfall,  or  in  passing  through  it ;  now, 
as  this  reduces  the  mean  velocity  of  approach  from  1 
to  '784,  Table  V.,  when  the  coefficient  for  heads  in 
still  water  is  '617,  it  is  necessary  to  multiply  the  value 

of  ^  =r  6-704,  last  found,  by  -784,  and  then  6-704  X 

'784  =  5-26  is  the  value  -  due  to  this  correction,  from 
which  the  corresponding  coefficient  in  Table  V.  is 
found  to  be  *629,  and  hence  the  corrected  discharge  is 
2084-96  X  -629  =  1311-44  cubic  feet. 
By  using  equation  (46a)  in  the  preceding  example, 

the  value  of  (l  +  ,^)'-(;^)' fo^  I  =  ™  = 

7-488  is,  from  the  last  columns  of  Table  V.  for  a  co- 
efficient unity,  1-025.     Hence  the  discharge  is  2084-96 

X  -617  X  1-025  =  2085   x  -632  =:  1318  cubic  feet 

c 
per  minute  in  round  numbers.     If  -  were  taken  equal 

to  6-704,  then  equation   (46a)  would  become  2085  x 

-617  X  1-031  =  2085  X  -636  =  1326  cubic  feet  nearly. 

It  is  to  he  home  in  mind  that  the  value  of  the  ratio 

-  in  Table  V.  is  simply  an  approximate  value  for  the 
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ratio  of  the  velocity  in  the  channel  facing  the  orifice  to 
the  velocity  in  the  orifice  itself,  and  that  large  differences 
of  value  do  not  always  affect  the  coefficient  of  discharge 
materially.     The  corrections  applied  in  the  foregoing 

examples  were  for  the  purpose  of  finding  this  ratio  of 

c 
velocity  more  correctly  than  the  simple  expression  — 

gives  it.     The  ratio  of  /ij,  to  hx,  also  may  sometimes 

vary  very  considerably  without  materially  affecting  the 

value  of  C4 ;  for  instance,  if  c^  =  "628  for  still  water, 

h  0 

the  change  of  -^  from  0  to  "046,  and  of  -  from  infinity 

to  3  causes  a  variation  of,  only,  from  •628  to  '642  for 
orifices,  and  to  "GBG  for  notches,  which,  practically,  does 
not  exceed  six  per  cent.     The  following  auxiliary  table 


ATJXILIAKT  TABLE,  TO  BE  TJSBD  WITH  TABLE  V.  FOR  MOEE  NEAELT 
FINDING  THE  COEFFICIENT  OF  DISCHAEGE  NEARLY  SUITED  TO 
EQUATIONS  (45a)  AND  (46ai). 


Ratio  of  the  orifice, 
to  the  channel,  or  -. 

Multipliers  due  to 

the  diflerence  of  the 

central  and  mean 

velocity  only. 

Multipliers  for  finding  the  new  values  of  -  in  Table  V., 

when  the  water  approaches  and  passes  through  the  orifice, 
without  contraction  or  loss  of  velocity. 

Coeffi- 
cient 
■639 

Coeffi- 
cient 
■628 

Coeffi- 
cient 
•617 

Coeffi- 
cient 
■606 

Coeffi- 
cient 
•595 

Coeffi- 
cient 
•584 

Coeffi- 
cient 
•573 

•0 
•1 
•2 
•3 
■4 
•5 
•6 
•7 
■8 
'■9 
1-0 

•835 
■837 
■842 

■  -850 
•861 
■876 
■894 
•916 
•941 
■969 

1^000 

69 
70 
70 
71 
72 
73 
74 
76 
78 
81 
831 

■67 
•68 
■68 
■69 
•69 
■71 
■72 
■74 
■76 
■78 
■807 

65 
66 
66 
67 
68 
69 
70 
72 
74 
76 
784 

64 
64 
64 
65 
66 
67 
68 
70 
72 
74 
762 

62 
62 
62 
63 
64 
65 
66 
68 
70 
72 
740 

■60 
•60 
■61 
■61 
•62 
•63 
•64 
•66 
•68 
•70 
•719 

•58 

•59 

•59 

•59 

■60 

■61 

■62, 

■64 

■66 

•68 

•699 
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finds  the  correction,  and  thence  the  new  coefficient, 
with  facility.  Thus,  if  the  channel  be  five  times  the 
size  of  the  orifice,  and  a  loss  in  the  approaching  velocity- 
takes  place  equal  to  that  in  a  short  cylindrical  tube, 
then  6  X  "842  =  4-210  is  the  new  value  of  -,  opposite 
to  which,  in  Table  V.,  will  be  found  the  coefficient 
sought.  If  the  coefficient  for  still  water  be  '606,  it  is 
found  to  be  •612  for  orifices  and  '623  for  weirs.  But 
when  the  water  approaches  without  loss  of  velocity, 
fi-om  the  auxiliary  table,  "64  is  found  for  the  multiplier 

instead  of  '842,  and  consequently  the  new  value  of  — 
becomes  5  X  "64  =  3"2,  fi-om  which  "617  is  found  to 
l)e  the  new  coefficient  for  orifices  and  'GSS  for  weirs. 
The  auxiliary  table  is  calculated  by  multiplying  the 
numbers  in  the  second  column  (see  third  column,  table, 

p.  104)  by  the  value  of  c    X   ] ^  >  ,  which  will  be 

(.1  —  Cd  J 

found  fi-om  Table  V.,  for  the  different  values  of  c^  in 

the  table,  viz. 

•639,  •628,  ^617,  -606,  ^595,  "584,  and  •573, 
•831,  -807,  '784,  ^762,  '740,  •719,  and  '699, 

to  be  respectively,  as  given  in  the  top  and  bottom  lines 

of  figures. 

When  _^_i — ^  in  equations  (45)  and  (46)  is  equal  to 

— 3 r  in  equations  (45a)  and  (46a),  then  must  c^  =  1, 

and  Ca  I  1  +  ^^  ^  >- ^  in  equation  (45)  becomes 
«qual  to    ■<  1  +     g  _.    > "^    in    equation    (45a) ;    and 
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^4  ('  +  ^y-  Uhlf  }  ^^  ^1-ti-(46)  also 
becomes  equal  to    {  (l  +  _^)^-  (^)^}    in 

equation  (46a) ;  and  therefore  the  coefficient  found  from 
the  last  three  columns  of  Table  V.  for  c^  =  1  wOl  give 
the  multiplier  for  c^,  outside  the  brackets,  ia  (45a)  and 
(46a),  to  find  the  new  coefficients.  Thus  ia  the  last 
example  m  —  S,  and  hence  Table  V.  for  Ca  =  1,  is 

g^--  {  ^  -^^^  }'  =  '■'''  ''''   {  {'  +  ^f 

-  (   2^.y  I  =  1"055.    Hence  1-021  x  -606  =  -619, 

nearly;  and  1*055  X  '606  =  '639  nearly,  the  new  co- 
efficients found  from  the  other  method  being  "617  and 
■636,  the  difference  by  both  methods  being  of  no  great 
practical  importance. 

It  is  necessary  to  observe,  that  in  equations  (45), 
(46),  (45a),  and  (46a),  the  head  due  to  the  velocity  of 
supply  or  approach,«^a>  must  be  extra  to  the  head,  h,  in 
the  formula  and  no  part  of  it :  and  that — as  is  iadicated 
by  the  equations — m  can  never  be  so  small  as  unity,  for 

then  — s — —  would  be  infinite.     These  equations  are, 
m**  —  1 

therefore,  only  strictly  applicable  to  orifices  in  the 
short  tubes.  Fig.  15  and  Fig.  16;  when  the  head  h,^  du^ 
to  the  velocity  of  approach  is  included  ia  the  head  h 
measured  fi:om  still  water  ia  a  large  cistern. 

The  initial  value  of  the  coefficient  of  discharge,  c^  it- 
self, varies  considerably  with  the  position  and  form  of 
the  orifice ;  for  a  mean  value  of  '101  it  changes,  in 
equation  (45),  according  to  the  relation  of  c  and  a  into 
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•101 


i}-^ 


-^TT ;   and  for  a  value  of  '618  for  an  orifice. 


central  in  a  thin  plate,  Professor  Eankine's  empirical 
formula,  note  p.  102,  is  in  practice  applicable. 


PRACTICAIi   FORMULAE   FOR   THE  DISCHARGE    OVER  WEIES. 

In  order  to  reduce  the  preceding  formulae  for  weirs 
and  notches  to  some  of  the  forms  in  common  use,  with 
definite  combined  numerical  coefficients,  by  substituting 
8"025  for  \/  2  g,   equation   (39),   becomes   for  feet 

measm-es,  as  s-    ><  8*025  =  5"3o, 

(A.)     D^  =  5-35  Cd  I  {{h  +  Kf  -  h^. 
For  inch  measures,  as  V  2  g  =  27'8,  the  discharge, 
taken  also  in  cubic  feet,  becomes 

(B.)     D   =  -01072  Cd  I  {{h^  -  h^)i  -  hi\. 

When  the  length  {  is  taken  in  ffeet  and  the  depth  in 
inches,  it  is 

(C.)    D   =  -1287  Ca  I  {iK  -  Kf  -  h})- 
The  last  three  equations  being  for  seconds  of  time, 
when  the  time  is  taken  at  one  minute,  for  all  measm-es 
in  feet  the  discharge  in  cubic  feet  is 

(D.)     D   =  321  ca  J  {(A,  +  Aji  - /ij}. 
This  when  c^  is  taken  at  '614  becomes 

(Di.)  ^,=  mi{{K  +  hJ-h:-}. 

For  a  coefficient  of  '617 

(Dj.)     D,  =  198  I  {(/ib  +  /*a)^  -  h^} 
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Tor  a  coefficient  of  •623 

For  a  coefficient  of  '628 

(D,.)    D,  =  201-6  I  {{K  +  Kf  -  K^. 
I^'or  a  coefficient  of  '648 

(D5.)     ■D,^208l{{K  +  hJ-K^}. 
For  a  coefficient  of  '667 

(Ds.)     D,  =  214  Z{(/i, +  701-/8,1). 
Tor  a  coefficient  of  '712 

(Dy.)     D,  =  228-6  I  UK  +  hj  -  aJ}. 
And  for  a  coefficient  of  "810 

(Dg.)     D^  =  260  l{{h„  +  hj  -hj]. 
For  inch  measures  tlie  discharge  in  cubic  feet  is 

(E.)     D»  =  -6433  Ci  I  { (K  +  hf.  -  h'^^}. 
And  for  lengths  (i)  in  feet  and  depths  (h^)  in  inches 
"the  discharge  also  in  cubic  feet  becomes 

(F.)    D,  =  7-72  ca  I  {K  +  K)i  -  h}}. 

The  latter  equation,  when  the  coefficient  of  discharge, 
■Cd,  is  taken  at  -614  becomes 

I'd,  =  4-74  I  {k,  +  Kf  -  h^},  and 
(•^i-)]D  =  4-74  I  hi,  when  the  velocity  of  ap- 
[    proach  vanishes. 

Tor  a  coefficient  of  "617 

D.  =  4-76  1{{K  +  hS^—  h^},  and 
(Fa.)'  D  =  4-76  I  h^  when  the  velocity  of  ap- 
.    proach  vanishes. 

I  2 
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For  a  coefficient  of  '623 

[d    =  4-81  I  {{K  +  /O^  -  K^,  and 

I^D  =  4'81  I  hi  with  no  perceptible  approach. 

For  a  coefficient  of  '628 

(F  ij""  ^  ^'^^  ^  ^^''''  "*"  ''"^'  ~  ^'^'^'  """"^ 

I^D  =  4"85  I  hi  with  no  perceptible  approach- 

For  a  coefficient  of  '648 

(F  )j°^  =  ^  ^  ^^''b  +  ''=')'  ~  '*^'^'  ^^"^ 

|d  =  5  Z  h^  with  no  perceptible  approach. 

For  a  coefficient  of  f  or  "GS? 

(Fjl^"  =  5-14  I  {{h^  +  Kf  -  K^,  and 

[d  =  5"14  I  h^  with  no  perceptible  approach. 
For  a  coefficient  of  '712 

Da,  =  5-5  Z  {(/lb  +  Kf  —  h^},  and 
D  =  o'o  Z  h^  with  no  perceptible  approach. 
And  finally  for  a  coefficient  of  "81 

D,  =  6-3  I  {{h^  +  hj  -  /i/},  and 

D  =  6"3  I  hi  when  the  velocity  of  approach 

,    vanishes. 
The  theoretical  value  of  h.^  in  each  of  the  foregoing 
equations  is  in  terms  of  the  velocity  of  approach  i\ 

"'^-  2g' 
in  which  2  g  must  be  taken  equal  to  64'403  for  heads 
in  feet,  and  equal  to  772'84  for  heads  in  inches.  But 
it  is  evident  that  in  order  to  produce  the  velocity  per 
second  v^  passing  through  the  notch  with  a  nearly  still- 
water  basin  above  it,  that  h  must  be  increased  from  its. 


(FrO 


(Fs.) 
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llieoretical  value  ^-^  to     2  o   ' ,  in  which  expression  c^ 

^9       *^d.  ^  9 
is  the  coefficient  of  discharge  due  to  the  particular 
notch,    or  weir,    and    its    attendant    circumstances ; 
whence 

_      vi     _  Theoretical  head 

Now,  unquestionably  the  most  general  coefficient  both 
for  notches  and  submerged  orifices,  in  thin  plates,  for 
gauging  whether  triangular,  rectangular,  or  circular, 
is  "GIT,  when  the  orifice  or  notch  is  small  compared 
v.'ith  the  approaching  channel;  whence  for  measures  in 
feet 

K  =  "0408  vl,  and  v^  =  4-95  VTT 
Por  measures  in  inches, 

7ia  =  -0034  i^.and  v^  =  17-2  V!^. 
And  for  measures  in  which  v^  is  expressed  in  feet  per 

second,  and  h^  in  inches  

h^  =  -49  vl,  and  v^  =  1-43  V  h^ ; 
which  shows  that  half  the  square  of  the  approaching 
relocity  in  feet  is  equal  to  the  head  h^  in  inches ;  very 
nearly.  By  substituting  these  values  of  h^,  found  in 
-terms  of  the  approaching  velocity,  according  to  the 
standards  used  in  the  equations  from  (a)  to  (f)  inclu- 
sive, and  also  in  equation  (F2),  we  shall  be  enabled  to 
find  the  proper  discharge  from  a  notch  in  a  thin  plate. 
The  values  of  h^,  as  given  above,  can  be  found  at  once 
in  inches  from  the  observed  values  of  v^,  to  be  also 
taken  in  inches,  for-eeefficients  varying  from  -584  to 
•974,  by  means  of  Table  II.  Thus,  with  a  coefficient 
of  '617,  we  shall  find,  for  an  approaching  velocity  of 
.36  inches  per  second,  that  h^  becomes  4|-  =  4'4  inches 
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nearly,  while  for  a  coefficient  of  "666,  it  is  only  3f  = 
3-8  inches ;  and  for  a  coefficient  of  1,  the  theoretical 
head  is  but  If  =  1'7  inch  nearly. 

For  the  very  nature  of  the  case  the  approaching- 
Telocity  must  continue  nearly  unimpaired  through  the- 
notch  with  but  a  very  slight  reduction  arising  from  the- 
viscidity  of  the  water  when  it  enters  the  aperture,  and 
separates  from  the  lateral  fluid.  But  in  order  to  give 
this  unimpau-ed  velocity  by  means  of  an  extra  head  h^^ 
it  is  evident  that  h^  must  be  increased  above  the- 
theoretical  value  by  the  amount  due  to  the  coefficient 
of  discharge  ;  or,  as  before  stated,  h^  must  be  increasea 

from  y-^    to     t|~-      This  value   of  h^  is,   perhaps, 

something  too  large,  owing  to  the  reduction  of  n\  at 
the  moment  it  enters  the  notch  and  is  acted  upon  by 
the  overfall,  drawing  it  away,  as  it  were,  from  the  lateral 
water  above  the  crest. 

The  numerical  results  of  the  respective  fonnulse  from 
(a)  to  (Pg),  uiclusive,  can  be  obtained  by  modifying  the; 
form  as  in  equation  (42)  into 

y.  =  c,.uK  -JTrK"  [  (i  -f  D'-g-;)' } 

in  which  d  is  the  discharge  found,  when  there  is  noi 
velocity  of  approach,  by  the  common  formD  =  5"35  x 
C4  I  h^,  for  which  separate  values  are  given  in  equa- 
tions from  (fj)  to  (Fg)  inclusive  ;  and  numerical  values. 

in  Table  VI.;  and  K 1  +  ^^J  -  (~J  |  a  multiplier 
suited  to  the  velocity  of  a^jproach,  the  values  of  whichi 
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can  be  found  from  Table  IV.  Suppose,  for  example, 
D  =  158'1  cubic  feet  per  minute,  li^  =  10  inches,  and 
/(a  =  4  inches,  which  is  that  due  to  an  approaching 
velocity  of  3  feet  per  second  with  a  coefficient  of  "648 ; 

then  the  multiplier  becomes  (1  +  -4)5  —  -42  =  1-4035, 
Table  IV.  Hence  the  discharge  due  to  an  approaching 
velocity  of  3  feet  is  158-1  x  1-4035  =  221-9  cubic 
ieet,  or  an  increase  of  about  40  per  cent.  Also,  if  the 
common  formula  were  used,  it  is  plain  that  the  coefficient 
•648  should  be  increased  to  -648  x  1-4035,  or  to  -909 
nearly,  which  approximates  within  10  per  cent,  of  the 
theoretical  value.      Nothing  can    show  more    clearly 

THE  NECESSITY  FOE  VARYING  THE  COEFFICIENTS  WHEN 
THE  OKDINABT  FORMULA   ARE  USED,  EVEN  FOR  A   NOTCH 

IN  A  THIN  PLATE  :  for  othcr  notches  the  coefficients, 
even  for  still  water  above  the  crest,  vary  considerably. 
The  form  of  the  equation  used  by  D'Aubuisson  and 
several  other  writers  is 

■D^—  cl  \/h%  ■\-  cxi  hi 
in  which  c  and  c  are  numerical  coefficients,  and  v^  the 
velocity  of  approach.  This  form  is  incorrect  in  prin- 
ciple, although  the  values  of  c  and  c  can  be  so  taken 
as  to  give  resulting  values  for  d^  approximately  correct 
For  feet  measures,  and  time  in  seconds.  Professor 
Downing  makes,  after  D'Aubuisson,  p.  37  of  his 
translation, 

Da  =  Ca  X  5-35  I  V  K  +  -03494  i^  hi 
Doctor  Eobinson*  gives  for  like  measures  and  time, 
values  varying  from 

*  Proceedings  Eoyal  Irish  Academy,  vol.  iv.  p.  212.    -1395  tij  is 
nine  times  the  theoretical  head,  and  too  much. 
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D^  =  3-55  I  VK  +  -1395  vl  hi  to 
D,  =  3-2  I  V  hi  +  -1395  <  hi 
Mr.  Taylor  finds  (for  the  Government  Eeferees,  see 
Eeport  on  the  Main  Drainage  of  the  Metropolis,  13th 
July,  1858,  p.  32)  the  discharge  in  cubic  feet,  per 
minute,  when  the  depth  is  taken  in  inches,  and  the 
length  in  feet  to  be, 

D,  =  5-5  Z  V /i?  +  -Svlhl; 
and  the  Messrs.  Hawksley,  Bidder,   and  Bazalgette 
assume,  (p,  83  ibid,)  for  like  measures, 

D^  =  5  Z  \/7zh^+  -1875  vlKi, 
which  they  consider  is  in  "  excess."     The  following 
table,  copied  and  extended  from  the  report  just  re- 
ferred to,  shows  the  results  of  the  last  two  formulae, 
and  of  our  equations  (fj)  and  (fj),  in  which  the  depth, 


Formulae. 

Mean  velocities  approaching  the  notch  in  feet 

per  second,  and  discharges  in  cubic  feet 

per  minute. 

0 

•5 

1 

1-6 

2 

2-5 

3 

168-1 
158-1 

15S-1 

ir3-9 

173-9 
173-9 

158-6 
159-2 

160 

175-1 

176 
176-7 

169-5 
162-1 

167 

178-3 

182 
180-8 

161-4 
166-8 

177 

183-5 

192 
188-9 

164 
173 

190 

190-1 

204 
199-8 

167 
180 

205 

198-3 

218 
213 

171 
189 

222 

207-5 

228 

Equation  (l)  when  the  head, "J 
ft.  ,  due  to  the  Telocity  of  ap- 1 
proach  is  taken  at  only  its  C 
theoretical  value  .       .       .   ) 

Equation  (Fj)  when  the  head,  1 
ft. ,  due  to  the  velocity  of  ap-  ( 
proach  is  increased  for  the  co-  ( 
efacieut  of  velocity  '648   .    .   J 

Equation (f,)  when  the  head,-) 
A. ,  due  to  the  velocity  of  ap- 1 
proach  is  taken  at  only  its  f 
theoretical  value   .       .           J 

Equation  (Fj)when  the  head"j 
due  to  the  velocity  of  approach  1 
is  increased  for  the  coefficient  f 
of  velocity  -712  .       .        .    .   J 

D,=6-SV  h%+  -Sii;  hi   . 
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/tb,  must  be  taken  equal  to  10  inches,  and  the  length, 
/,  equal  to  1  foot. 

In  equations  (l)  and  (n)  we  can  get,  Table  II.,  the 
values  of  the  head,  h^,  due  to  velocity  of  approach  v^, 
as  follows : 

r.  =  -5,       -1,      1-5,       %      2-5,     3-0;  in  feet  per  second. 
K  =    -047,   -186,     -419,  -745,  1-16,  1  "68  ;  theoretical  tead  in  inches. 
Then 

Jk  =  -111,   -UT,     -997,  1-77,  2-76,  4-;  for  a  coefficient  of  -648, 
and 

A,  =   -093,   -366,     -833,  1-47,  2-29,  3-31  ;  for  a  coefficient  of -712. 
Whence  as  h^  =  10  inches,  we  shall  have  in  equation 
(42), 

h. 

J-  =   -Oil,   -045,     -1,         -18,     -28,       -4 ;  for  a  coefficient  of  648, 

and 

'-  =  -009,  -037,     -083,     -15,       -23,     -33  ;  for  a  coefficient  of  712  ; 

and  hence,  by  means  of  Table  IV.  (l  +  -|?¥  -  Q^' 

becomes  of  the  following  respective  values  suited  to 
the  above  velocities, 

1-015,  1-059,  1-122,  1-205,  1-3,  1 -403  ;  for  a  coefficient  of -648, 
and 

1-013,  1-049,  1-104,  1-175,  1-254,  1-344  ;  for  a  coefficient  of -712. 
These  latter  values  multiplied,  in  order,  by  the  initial 
values  of  the  discharges,  158'1  and  173'9,  in  the  above 
table,  give  the  discharges  in  the  third  and  fifth  lines 
corresponding;  due  to  the  respective  velocities  of 
approach. 

The  accordance  between  the  results  in  the  last  two 
lines  of  the  table  is  remarkable.  Table  V.  shows 
that  if  the  coefficient  be  "667  when  the  water  above  the 
crest  is  still,  it  will  be  increased  to  '712  when  the  ap- 
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preaching  channel  is  about  1"83  times  the  section  of 
the  water  in  the  notch,  and  this  only  when  -^  is  taken 

as  in  equation  (44).  If  the  arrises  of  the  two-inch 
thick  waste  hoard  he  rounded,  the  coefficient  must 
also  he  considerable,  although  uncertain;  hut  as  the 
equation  Dg  =  5*5  \/  li\  +  'Q  xlh%  appears  to  have  been 
framed  by  Mr.  Taylor,  to  express  special  experiments 
made  for  Mr.  Simpson,  in  which  the  quantities  varied 
from  5  to  152  cubic  feet  per  minute,  and  for  heads  on 
a  four-foot  weir  varying  from  1  inch  to  8  inches,* 
it  must  be  concluded  that  the  coefficient  for  heads 
measured  from  still  water  above  the  crest  in  those 
experiments  suited  to  the  form  of  the  weir  used,  and 
to  its  attendant  circumstances,  is  '712. 

Equations  (39)  and  those  from  (a)  to  (Fj)  may  be 
easUy  changed  into  forms  in  which  only  the  depth  At, 
the  velocity  of  approach,  and  the  coefficient  of  velocity 
(in  this  case  equal  to  that  of  discharge)  c^,  are  intro- 
duced. It  is,  however,  only  necessary  here  to  reduce 
the  general  form  (a)  p.  114,  for  feet  measures,  which 

becomes,  after  substituting  for  li^  its  value 


I  X  2  i/' 
and  making  some  reductions, 

d,=5-35q  X  (.T^^J  mi  X  &^-^K+vl)^-vVs 


(A: 


D,=  "-^z  {(64-4  d  K  +  O'-  <]; 


and  for  time  in  minutes  the  discharge  is 

*  Vide  p.  22,  Letter  dated  16th  August,  1858,  from  the  Govern- 
ment Referees  to  the  Eight  Hon.  Lord  John  Manners,  on  the  subject 
of  the  Metropolitan  Main  Drainage. 
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iK)    J^l='^l  {(64-4  c|  h^  +  rl)  ^  -  4}  ; 

in  which  i\  still  continues  the  velocity  in  feet  per 
second,  as  determined  from  observation.  These  for- 
mtdse  may  be  again  reduced  to  many  others.  If  h\,  be 
taken  in  inches  (A  2")  becomes 

<A3.)  D,  =  '-5^  Z  {  (5-37  c|  K  +  a  '-  ^Vs- 

Mr.  Pole,  in  a  letter  to  Mr.  Simpson  and  Captain 
Oalton,  already  referred  to,  gives  the  special  value, 

D,=  l-06Z{(3  7ib  +  ti)^-^i), 
which  corresponds  very  closely  with  the  experiments 
xaade  for  Mr.  Simpson.      If  c^  =  '712,  which   also 
closely  corresponds  with  those  experiments,  om*  equa- 
tion (A3)  becomes  for  them 

(A4.)        D,  =  1-225  I  { (2-72  K  +  <f  -  vVs  ; 
but  the  amount  of  the  discharge  must  always  depend  on 
the  coefficient  c^,  equation  (A3)  suited  to  the  special 
<;ircumstances  of  the  case  under  consideration. 

The  form  of  equation  for  the  discharge  proposed  by 
Mr.  Boyden*  includes  the  effects  of  the  end  con- 
tractions :  it  is 

T>  =  c  {I  —  b  nh-^,}  h^^ 
in  which  c  =  f  c^  V  2  gf,  ii  the  number  of  end  con- 
tractions, I  the  length  of  the  weir,  h^  the  head 
measured  from  the  surface  of  the  water  above  the 
■curvature  of  approach,  and  b  a  coefficient  due  to.  the 
natm'e  of  the  end  contractions.  The  mean  nume- 
rical expression  for  this  formula,  derived  by  Francis 
from  his  experiments,  is  for  feet  measures,  per  second, 

*  Francis's  Lowell  Hydraulic  Ejtperiments,  p.  74. 
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D  =  3-33  (l  —  -In h^)  7jb^ ,  * 
but  the  value  of  c  varied  from  3-303  to  3-8617.  These 
results  give  corresponding  values  of  c^  =  '617  to  •628, 
and  when  c  =  3*33,  c^  =  "623.  The  experimental 
results  compared  with  this  formula  have  been  referred 
to  at  p.  71. 

Francis's  LoweU  experiments  on  a  wooden  dam. 
10  feet  long,  level  and  3  feet  wide  at  the  crest,  with 
a  head  slope  of  3^  to  1  in  a  channel  10  feet  wide, 
give,  for  heads  between  6  and  20  inches,  a  mean 
coefficient  of  '66B  or  'SeS.  This  for  feet  measm-es 
would  give  for  the  discharge  per  second 

D  =  3-02  7il 
For  greater  depths,  on  this  width  of  crest,  the  dis- 
charge would  probably  rise  as  high  as  3"1  h'  or  3'3  /i^. 
The  section  of  the  dam  was  the  same  as  that  erected 
by  the  Essex  Company  across  the  Merrimack  Eiver, 
at  Lawrence,  Massachusetts.  See,  also.  Table  of 
Coefficients,  p.  68. 

In  equation  (13),  p.  42,  there  is  given  a  general 
expression  for  the  value  of  d  through  a  triangular 
notch.  Professor  Thomson,  of  the  University  of 
Glasgow,  in  a  paper  read  at  the  British  Association 
at  Leeds  in  1858,  says  : — 

"  The  ordinary  rectangular  notches,  accurately  ex- 
perimented on  as  they  have  been,  at  great  cost  and 
with  high  scientific  skiU,  in  various  countries,  with 
the  view  of  determining  the  necessary  formulas  and 
coefficients  for  their  application  in  practice,  are  for 
many  purposes  suitable  and  convenient.  They  are, 
however,  but  iU  adapted  for  the  measurement  of  very 
*  Francis's  Lowell  Hydraulic  Experiments,  p.  119. 
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variable  quantities  of  water,  such  as  commonly  occur 
to  the  engineer  to  be  gauged  in  rivers  and  streams. 
If  the  rectangular  notch  is  to  be  made  wide  enough 
to  allow  the  water  to  pass  in  flood  times,  it  must  be 
so  wide  that    for  long  periods,   in  moderately  dry 
■\veather,  the  water  flows  so  shallow   over  its   crest, 
that  its  indications  cannot  be  reHed  on.     To  remove, 
in  some  degree,  this  objection,  gauges  for  rivers  or 
■streams  are  sometimes  formed,  in  the  best  engineering 
practice,   with   a   small  rectangular  notch   cut   down, 
"below  the  general  level  of  the  crest  of  a  large  rectan- 
gular notch.     If  now,  instead  of  one  depression  being 
made  for  dry  weather,  we  use  a  crest  wide  enough  for 
use  in  floods,  we  conceive  of  a  large  number  of  de- 
pressions extending  so  as  to  give  the  crest  the  appear- 
ance of  a  set  of  steps  of  stairs,  and  if  we  conceive  the 
number  of  such  steps  to  become  infinitely  great,  we  are 
led  at  once  to  the  conception  of  the  triangular  instead 
of  the  rectangular  notch.     The  principle  of  the  trian- 
gijlar  notch  being  thus  arrived  at,  it  becomes  evident 
there  is  no  necessity  for  having  one  side  of  the  notch 
vertical,  and  the  other  slanting ;  but  that,  as  may  in 
many  cases  prove  more  convenient,  both  sides  may  be 
made  slanting,  and  their  slopes  may  be  alike.     It  is 
then  to  be  observed,  that  by  the  use  of  the  triangular 
notch,  with  proper  formulas  and  coefficients  derivable 
by  due  union  of  theory  and  experiments,  quantities  of 
running  water  from  the  smallest  to  the  largest  may  be 
accurately  gauged    by  their  flow  through  the   same 
notch.     The  reason  of  this  is  obvious,  from  consider- 
ing that  in  the  triangular  notch,  when  the  quantity 
flowing  is  very  small,  the  flow  is  confined  to  a  small 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  127 

space  admitting  of  accurate  measurement ;  and  that 
the  space  for  the  flow  of  water  iacreases  as  the  quantity 
io  be  measured  increases,  but  still  contidues  such  as  to 
admit  of  accurate  measurement. 

"Further,   the    ordinaiy  rectangular  notch,  when 
applied  for    the   gauging   of  rivers,   is   subject  to   a 
serious  objection  from  the  difficulty  or  impossibility  of 
properly    taking  into    account  the  influence   of   the 
bottom  of  the  river  on  the  flow  of  the  water  to  the 
notch.     If  it  were  practicable  to  dam  up  the  river  so 
•deep  that  the  water  would  flow  through  the  notch  as 
if  coming  from  a  reservoir  of  still  water,  the  difficulty 
would  not  arise.     This,  however,  can  seldom  be  done 
in  practice,  and  although  the  bottom  of  the  river  may 
be  so  far  below  the  crest  as  to  produce  but  Httle  effect 
on  the  flow  of  the  water  when  the  quantity  flowing  is 
small,  yet  when  the  quantity  becomes  great,  the  velo- 
city of  approach  comes  to  have  a  very  material  influ- 
ence on  the  flow  of  the  water,  but  an  influence  which'is 
usually  difficult,  if  not  impracticable,  to  ascertain  with 
satisfactory  accuracy.     In  the  notches  now  proposed  of 
a  triangular  form,  the  influence  of  the  bottom  may  be 
rendered  definite,  and  such  as  to  affect  ahke  (or  at 
least  by  some  law  that  may  be  readily  determined  by 
experiment)  the  flow  of  the  water  when  very  small,  or 
when  very  great,  in  the  same  'notch.     The  method  by 
which  I  propose  that  this  may  be  effected  consists 
in  carrying  out  a  floor,  starting  exactly  from  the  vertex 
of   the    notch,    and    extending  both  up-stream  and 
laterally,  so  as  to  form  a  bottom  to  the  channel  of 
approach,  which  wiU  both  be  smooth  and  will  serve  as 
the  lower  bounding  surface  of  a  passage  of  approach 
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unchanging  in  form  while  increasing  in  magnitude,  at 
the  places  at  least  which  are  adjacent  to  the  vertex  of 
the  notch.  The  floor  may  be  either  perfectly  level,  or 
may  consist  of  two  planes,  whose  intersection  would 
start  from  the  vertex  of  the  notch,  and  would  pass  up- 
stream perpendicularly  to  the  direction  of  the  weir 
board;  the  two  planes  slanting  upwards  from  their 
intersection  more  gently  than  the  sides  of  the  notch. 
The  level  floor,  although  theoretically  not  quite  so 
perfect  as  the  floor  of  two  planes,  would  probably  for 
most  practical  purposes  prove  the  more  convenient 
arrangement. 

"  With  reference  to  the  use  of  the  floor  it  may  be 
said,  in  short,  that  by  a  due  arrangement  of  the  notch 
and  the  floor,  a  discharge  orifice  and  channel  of 
approach  may  be  produced,  of  which  (the  upper  surface 
of  the  water  being  considered  as  the  top  of  the  channel 
and  orifice)  the  form  will  be  unchanged  or  but  little 
changed,  with  variations  of  the  quantity  flowing ;  very 
much  less  certainly  than  is  the  case  with  rectangular 
notches. 

"Whatever  may  be  the  result  in  this  respect,  the 
main  object  must  be  to  obtain,  for  a  moderate  number 
of  triangular  notches  of  different  forms,  and  both  with 
and  without  floors  at  the  passage  of  approach,  the 
necessary  coefficients  for  the  various  forms  of  notches 
and  approaches  selected,  and  for  vai'ious  depths  in  any 
one  of  them,  so  as  to  allow  of  water  being  gauged  for 
practical  purposes,  when  in  futm'e  convenient,  by 
means  of  similarly  formed  notches  and  approaches. 
The  utility  of  the  proposed  system  of  gauging  it  is  to 
be  particularly  observed,   will  not    depend    upon   a 
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perfectly  close  agreement  of  the  theory  described  with 
the  experiments,  because  a  table  of  experimental 
coefBcients  for  various  depths,  or  an  empirical  formula 
shghtly  modified  from  the  theoretical  one,  will  serve 
aU  purposes. 

"  To  one  evident  simplification  in  the  proposed 
system  of  gauging,  as  compared  with  that  by  rect- 
angular notches,  I  would  here  advert,  namely,  that 
in  the  proposed  system  the.  quantity  flowing  comes 
to  be  a  function  of  only  one  variable — namely,  the 
measm-ed  head  of  water — while  in  the  rectangular 
notches  it  is  a  function  of  at  least  two  variables, 
namely,  the  head  of  water,  and  the  horizontal  width 
of  the  notch ;  and  is  commonly  also  a  function  of  a 
third  variable  very  difficult  to  be  taken  into  account, 
namely,  the  depth  from  the  crest  of  the  notch  down 
to  the  bottom  of  the  channel  of  approach,  which 
depth  must  vary  in  its  influence  with  all  the  varying 
ratios  between  it  and  the  other  two  quantities  of  which 
the  flow  ig  a  function. 

"  The  proposed  system  of  gaugiag  also  gives  facili- 
ties for  taking  another  element  into  account  which 
often  arises  in  practice  —  namely,  the  influence  of 
back  water  on  the  flow  of  the  water  in  the  gauge, 
when,  as  frequently  occurs  in  rivers,  it  is  found 
impracticable  to  dam  the  river  up  sufficiently  to  give 
it  a  clear  overfaU  free  from  the  back  or  tail  water. 
For  any  given  ratio  of  the  height  of  the  tail  water 
above  the  vertex  of  the  notch  to  the  height  of  head 
water  above  the  vertex  of  the  notch,  I  would  antici- 
pate that  the  quantities  flowing  would  stiU  be  approxi- 
mately at  least,  proportional  to  the  I  power  of  the 
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head,  as  before ;  and  a  set  of  coefficients  would  have 
to  be  determined  experimentally  for  different  ratios 
of  the  height  of  the  head  water  to  the  height  of  the 
tail  water  above  the  vertex  of  the  notch. 

"  I  have  got  some  preliminary  experiments  made  on 
a  right-angled  notch  in  a  vertical  plane  surface,  the 
sides  of  the  notch  making  angles  of  45°  with  the 
horizon,  and  the  flow  being  from  a  deep  and  wide 
pool  of  quiet  water,  and  the  water  thus  approaching 
the  notch  uninfluenced  by  any  floor  or  bottom.  The 
principal  set  of  experiments  as  yet  made  were  on 
quantities  of  water  varying  from  about  2  to  10  cubic 
feet  per  minute;  and  the, depths  or  heads  of  the  water 
varied  from  2  inches  to  4  inches  in  the  right-angled 
notch.     From  these  experiments  I  derive  the  formula 

Q  =  0-317  h2 
where  q  is  the  quantity  of  water  in  cubic  feet  per 
minute,  and  h  the  head  as  measured  vertically  in 
inches  from  the  still  water  level  of  the  pool  down  to 
the  vertex  of  the  notch.  This  formula  is  submitted 
at  present  temporarily  as  being  accurate  enough  for 
use  for  ordinary  practical  purposes  for  the  measure- 
ment of  water  by  notches  similar  to  the  one  experi- 
mented on,  and  for  quantities  of  water  limited  to 
nearly  the  same  range  as  those  in  the  experiments ; 
but  as  beiag,  of  course,  subject  to  amendment  by 
more  perfect  experiments  extending  through  a  wider 
range  of  quantities  of  water." 

In  the  first  edition  of  this  book  we  gave  the  general 
form  of  the  equation  for  the  discharge  through  tri- 
angular notches,  and  also  showed  the  general  applica- 
tion of  the  coefficients  '617   to  "628 /or  all  f onus  of 
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'Orifices  and  notches  in  thin  plates.  '617,  as  shown  in 
note  p.  42,  gives  a  result  identical  with  the  practical 
results  of  Professor  Thomson's  experiments.  The 
great  advantage  of  the  triangular  notch  for  gauging  is, 
that  the  sections  for  all  depths  flowing  over  are  similar 
triangles,  and  therefore  the  coefficient  probably  remains 
constant,  or  nearly  so,  not  only  for  one  but  for  all 
■species  of  ti'iangles,  when  the  depth  at  the  apex  is  not 
very  small  indeed  in  proportion  to  the  width  flowing 
•over  at  the  surface. 

The  disadvantage  of  the  proposed  triangular  form 
•of  depression,  if  permanent  in  a  dam,  would  be  that 
the  angular  point  should  be  at  a  lower  level  than  the 
top  of  a  horizontal  crest  to  maintain  the  same  level, 
^bove  of  the  water,  dui-ing  floods ;  and  therefore  the 
j)ower  of  the  water  and  head  would  be  reduced  at  the 
period  when  most  required  for  null-power  or  navigation 
pm'poses ;  that  is,  dtu'ing  dry  weather.  For  drainage 
purposes  the  winter  level  or  that  dm-ing  floods,  must 
evidently  be  kept  down,  unless  when  the  banks  are 
«teep,  and  along  rapids ;  but  these  remarks  do  not 
^pply  to  dams  erected  across  millraces  or  streams  where 
the  banks  are,  generally,  considerably  above  floods; 
they  only  refer  to  occasions  for  permanent  gauging, 
"to  find  the  relations  of  evaporation,  absorption,  and 
discharge  for  large  catchment  ai-eas.  For  notch 
gauging,  to  determine  the  useful  elFect  of  water  engines, 
rectangular  forms  in  thin  plates  have  the  coefficients 
■already  well  determined,  and  the  calculations  are  easy. 
Bivers  and  large  quantities  of  flowing  water  in  the 
.-absence  of  a  weir,  are  best  gauged  by  selecting  some 
portion   where    the  section   and  velocity  are   nearly 
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tmifprm  and  determining  each  of  these  from  the 
soundings,  and  the  observed  velocities  between  them, 
from  bank  to  bank.  The  jagged,  loose  and  irregular 
crests  on  most  miU-vi^eirs  are  unfit  to  gauge  from. 

In  weirs  at  right 
angles  to  channels 
with  parallel  sides, 
the  sectional  area 
can  never  equal 
that  of  the  channel 
unless  it  be  mea- 
sured at  or  above  the  point  a,  where  the  sijoking  of  the- 
overfaU  commences ;  and  unless  also  the  bed  c  d  and 
surface  a  b  have  the  same  inclination.  In  all  open 
channels,  as  milkaces,  streams,  rivers,  the  supply  is- 
derived  from  the  surface  mclination  of  a  b,  and  this  in- 
clination regulates  itself  to  the  discharging  power  of 
the  overfall.  When  the  overfall  and  channel  have  the 
same  width,  and  the  latter  is  considerable,  then,  as 
shall  appear  hereafter,  91  V  /i  s  is  the  mean  velocity 
in  the  channel,  where  h  is  the  depth  in  feet  and  s  the 

rate  of  inclination  of  the  surface  a  b.  Also  —  \/  2  g  ]i 
is  the  theoretical  velocity  of  discharge  at  the  overfall, 
of  equal  depth  with  the  channel,  and,  when  both  velo- 
cities are  equal, 

I  VYJTi  =  5-35  VI  =  91  V¥7; 

from  which  is  found 

^=i  =  -00346, 

the  inclination  of  b  a  when  the  supply  is  equal  to  the 
theoretical  discharge  at  the  overfall.     If  the  coefficient. 
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at  the  overfall  were  '628,  or,  whicli  is  nearly  the  same 
thing,  if  a  large  and  deep  weir  basin  intervene  between 
the  weu'  and  channel.  Fig.  19,  a  a  would  be  level,  the 


velocity  of  approach  would  be  destroyed,  and  then 
5-35  X  -628  VT  =  3-36  VT  =  91  VTF; 
and  thence  the  inclination  of  e  a  is 

s  =  4  =  -00136 
very  nearly.  "When  discussing  the  surface  inclination 
of  rivers,  it  will  be  seen  that  the  conditions  here  as- 
sumed and  the  resulting  surface  inclinations  would 
produce  velocities  that  would  destroy  the  regimen  and 
mvolve  a  considerable  loss  of  head.  If  the  quantity 
■discharged  under  both  circumstances  be  the  same,  and 
k  be  the  depth  in  the  first  case,  Fig.  18,  then  the  head 

—  r  li  =  1"36  h 

very  nearly,  from  which  and  the  surface  inclination  the 
extent  of  the  backwater  may  be  found  with  sufficient 
accuracy.     When,  in  Fig.  19,  the  inclination  of  a  b 

exceeds  — ,  the  head  at  a  must  exceed  the  depth  of  the 
river  above  a.  Further  on,  Section  X.,  some  remarks 
Tvill  be  found  on  the  backwater  curve. 
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SECTION  V. 

SUBMERGED   ORIFICES  AND  WEIRS. CONTRACTED   RIVER. 

CHANNELS. 

The  available  pres- 
sure at  any  point  in. 
the  depth  of  the  ori- 
fice A,  Fig.  20,  is. 
equal  to  the  diffe- 
rence of  the  pres- 
sures on  each  side.. 
This  difference  is  equal  to  the  pressure  due  to  the 
height  h,  between  the  water  surfaces  on  each  side  of 
the  orifice ;  in  this  case,  the  velocity  is 

(47.)  .    v=:c^  s/2g  h; 

and  the  discharge 

(48.)  D=Z  cZ  Ca  V2yF; 

in  which,  as  before,  I  i^  the  length,  and  d  the  depth  of 
the  rectangular  orifice  a. 

When  the  orifice- 
is  partly  submerged, 
as  in  Fig.  21,  h^  — 
li=di  may  be  put. 
for  the  submerged, 
depth,  and  h — 7«t= 
di,  the  remaining 
portion  of  the  depth;  whence  di  +  d2=d  is  the  entire- 
depth.     The  discharge  through  the  submerged  deptlii 
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Oj  is  Ca  i  ^2  X  V  2  gr  A,  and  the   discharge  through 
the  upper  portion  d^  is 


whence  the  whole  discharge — assuming  the  coefficient 
of  discharge  q  is  the  same  for  the  upper  and  lower 
depths-^is 

(49.)      D=ca  I VT^  I  d  Wh  +^{i'-  h!)  | 

We  may,  however,  equation  (31),  assume  that 

very  nearly,  and  hence 

(50.) .  D=c<i  I  d,  ^/WJh  +  c^ld  J  2g  (j,,  —  '^). 

As  ^t  +   -i  =  7j  —  _i  this  equation  may  be  changed 
2  2 

into 


(51.)     D=ca  I  ^2  '/^gh  +  cjd.j  2g(h,  + 1). 

In  either  of  these  forms  the  values  of 

ca  V  271;  c^j2g(^  h  -  I),  and  c^J  2  g  (h,  +|) 

can  be  had  from  Table  II.,  and  the  value  of  the 
discharge  d  thence  easily  found.  When  'h—h^:=h^—li, 
the  mean  value  of  c^  may  be  taken  at^about  "585  ;  that 
is  when  the  backwater  rises  to  the  centre  of  the 
orifice. 

When  the  water  approaches  the  orifice  with  a  de- 
terminate velocity,  the  height  h^  due  to  that  velocity 
can  be  found  fi-om  Table  II.,   and  the  discharge  is 
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then  found  by  substituting  h  +  h^  and  /zt+^a  for  h  and 

\  in  the  above  equations. 

In  the  submerged 
weir,  Fig.  22,  h  be- 
comes equal  to  di, 
andftt=Oj  t^e  dis- 
charge, equation 
(49),  then  becomes 


(52.) 


D=c<iZ  V27^|4  +  J^}- 

When  the  water  approaches  with  a  velocity  due  to  the 
height  h^,  then  h  becomes  h-\-h^,  ht=h^,  and  equation 
(49)  becomes 

(53.)  D=cJ  V2^  I  d2  VdT+T^-t- 1  {di  +  Kf-  hi  | . 

In  the  Impbovement  of  the  Navigation  op 
EiVERS,  it  is  sometimes  necessary  to  construct  weirs 
so  as  to  raise  the  upper  waters  by  a  given  depth,  di. 
The  discharge  d  is  in  such  cases  previously  known,  or 
easily  determined,  then  from  the  values  of  dx,  and  d, 
and  equation  (52),  the  value  of  the  rise  over  the 
crest. 


(54.) 


\di; 


Cd  I  V"2  g  di 
or,  by  taking  the  velocity  of  approach  into  account, 

(55.)     d,= -Hl^jt3^)hlM 

c^W2gidi  +  K)       3      ^di  +  K 
This  value  of  ^2  must  be  the  depth  of  the  top  of  the 
weh"  below  the  original  surface  of  the  water,  in  order 
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that  this  surface  should  be  raised  hy  a  given  depth,  di. 
When  ^a  is  small  compared  with  rfji  -   C^^i+^a)   ^^J 

3 

be  put  for  -  X  (^L+ ^?L^i^  in  equation  (55). 

Example  VI. — A  river  whose  width  at  the  surface  is 
TO  feet,  whose  hydraulic  mean  depth  is  4*4  feet,  and 
whose  cross  sectional  area  is  325  feet,  has  a  surface  in- 
<:Unation  of  1  foot  per  mile ;  to  what  depth  below,  or 
lieight  above  the  surface  must  a  weir  at  right  angles  to 
the  channel  be  raised,  so  that  the  depth  of  water  im- 
mediately above  it  shall  be  increased  by  defect? 

When  the  hydraulic  mean  depth  is  4' 4  feet,  and  the 
fall  per  nule  1  foot,  from  Table  VIII.  the  mean 
velocity  of  the  river  is  29"98  or  30  inches  very  nearly 
per  second.  The  discharge  is,  therefore,  825  x  2J 
=  812*5  cubic  feet  per  second,  or  48750  cubic  feet  per 

minute.     Hence,  — -  =  696"4.  cubic  feet,  must  pass 

over  each  foot  in  length  of  the  weir  per  minute.  As- 
suming the  coefficient  c^  =  "628  iu  the  first  instance, 
from  Table  VI.  the  head  passing  over  a  weir  corres- 
ponding to  this  discharge  is  27'4  inches ;  but  as  the 
liead  is  to  be  increased  by  3J  feet,  or  42  inches,  it  is 
clear  that  the  weir  must  be  perfect;  that  is,  have  a 
clear  overfall,  and  rise  42  —  27'4  =  14'6  inches  over 
the  original  water  sm-face.  In  order  that  the  weir  may 
be  submerged,  or  imperfect,  the  head  could  not  be  in- 
creased by  more  than  27'4  inches.  Therefore,  assume 
the  example,  that  the  increase  shall  be  only  18  instead  of 
42  inches  ;  the  weir  then  becomes  submerged,  and,  from 
equation  (54), 
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d,  =  !^^^'^  -  !  X  18"  (as  Z  =  1  foot). 

•628  V  18"  X  2g       » 

The  value  of  the  first  p&rt  of  this  expression  is  found 

from  Tarlb  VI.  or  Table  II.  equal  to 

696-4  696-4         ^  „„  .    ,       „„  -c  ■ 

^^— =  370^041  =  1-88  feet  =  22-56  in. ; 

-  X  i  X  370-341       ^^^  ^^^ 

13         2 

nn 

hence  22-56 ^  =  10*56  inches  is  the  value  of  d^ ; 

o 

that  is,  the  submerged  weir  must  be  buUt  within  lO'SS 
inches  of  the  surface  to  raise  the  head  18  inches  above 
the  former  level.     If,  however,  the  velocity  of  approach 

be  taken  into  account,  it  is  equal  to  — — —  =  2  feet  per 

^  430  ^ 

second  very  nearly ;  and  the  height,  or  value  of  h^,  due 

3 

to  this  velocity,  taken  from  Table  II.,  is  -  ==  '75  inch, 
nearly;  therefore,  from  equation  (55), 

d  -  ^^^'^  -  I  X  (18'75)^  -  (-75)^ 

^      -628  V  2  ^  X  18-75       ^  V  18-75 

The  value  of ,^^^'^  =:  (from  Table YI.) 

-628\/2(/  X  18-75 

is 696:4 ^  696:4     ^  ,.3,,^^^  ^  22-08 in.; 

ix^x  393-75      B^«-«* 

also|  X  (18-75)l-_(-75)t  ^1^18-75  -^x-il£ 
^  V  18-75  ^  *     VI8-75 

=  12-5  -  J  X  ^fg  -  12-5  -  -1  =  12-4. 

Hence  d^  =  22-08  -  12-4  =  9-68  inches,  or  about  1 
inch  less  than  the  value  previously  found  fi-om  equa- 
•  This  is  found  from  Table  II.  more  readily. 
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tion  (54).  The  mean  coefficient  of  discharge  was  here 
assumed  to  be  "628.  Experiments  on  submerged  weirs, 
show  that  the  value  of  c^  varies  from  "5  up  to  "8,  but. 
as  this  coefficient  would  reduce  the  value  of  d^,  or  the 
depth  of  the  top  of  the  weir  below  the  surface,  it  is 
safer  (where  a  given  depth  above  a  weir  must  be  ob- 
tained) to  use  the  lesser  and  ordinary  coefficients  of" 
perfect  weii's,  with  a  clear  overfall,  for  finding  the  crest 
levels  of  submerged  weirs,  when  it  is  necessary  to  con- 
struct them.  If  the  coefficient  "8  were  used  in  the- 
previous  calculation,  then  would  have  been  found  d^  = 

•628  X  22-08  _  ^2-4  ^  17.33  _  12-4  =  4-93  in.,  or 

*8 
not  much  more  than  half  the  previous  value ;  and  this, 
would  only  increase  the  whole  height  of  the  weir  by 
9-68  -  4-93  =  4-75  inches. 

As  D  =  J  C4  Z  V  2  </  {(dli  +  A  J*  —  hi}  for  a  perfect 
weir  with  a  free  overfall,  it  is  clear  that  when  d  is 
greater  than  -  c^l  \/  1  g  {{d^  +  7ia)^  —  hi],  the  weir  is. 
imperfect  or  submerged.  For  backwater  curve  see 
Section  X. 

In  the  following  table  of  coefficients  from  Lesbros* 
^2  is  measured  from  that  point  below  the  weir  where 
its  value  is  a  minimum.  On  examining  equation  (52)„ 
it  will  be  seen  that  the  equation  d  =  c^i  (t^  -f  ^2) 
y/  2  g  di  adopted  by  Lesbros  is  incorrect,  and  can  only 
be  safely  used  within  the  limits  of  his  experiments. 

*  Vide  p.  8i,  deuxitrae  Edition,  Hydrauliqiie,  par  Arthur  Morin^ 
Paris,  1858. 
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COEFFICIENTS   FOE  SUBMERGED   NOTCHES. 


Values  of  the 

Values  of  the 

coefficient  Cj 

in  the  formula 

D  =  c^  i  (rfi  +  da) 

X^'ig  d^. 

Values  of 

coefficient  Cj 

Values  of 

d. 

in  the  formula 
X  ■\/igdi. 

d^  +  d^ 

d^  +  d^ 

■001 

■227 

•060 

■519 

■002 

■295 

■eso 

■517 

■003 

•363 

■100 

■516 

■150 

•512 

■004 

•430 

■200 

■507 

■nns 

•496 

■250 

■502 

-006 

■556 

■300 

■497 

•007 

■597 

•350 

•492 

■008 

■605 

■400 

■487 

•009 

■600 

■450 

■480 

■010 

■596 

•015 

•580 

■500 

■474 

•020 

•570 

•550 

•466 

■025 

•557 

•600 

•459 

■030 

•546 

■700 

•444 

•035 

•537 

■800 

•427 

•040 

■531 

■900 

•409 

•045 

■526 

1^000 

•390 

■050 

,  ^522 

)» 

J9 

The  experimental  values  are  those  shown  between  th 

e  horizontal  lines, 

'  the  others  above  the  upper  ones,  and  below  the  lower  on 

es,  were  deduced 

from  calculation  by  Lesbros. 

The  true  value  of  the  discharge  is  expressed  by  the 
equation  ^  =  c^^l  \-di-\- d^^    X  w  2  g  di,  and  the 

values  of  c^  in  the  above  table  are,  therefore,  too  small, 
applied  to  the  correct  formula.  When  di  =  d2  the 
table  gives  c^  =  •474.  Now  for  weirs  in  which  the 
sheet  passing  over  is  "  drowned,"  the  general  value  of 
the  coefi&cient  is  about  "67 ;  this  would  give  the  coeffi- 
cient for  the  lower  portion  di,  in  the  true  formula,  equal 
to  "603,  and  a  mean  coefficient  c^  in  the  correct  formula 
(52)  equal  to  '569  nearly.  "When  d^  =  200  di,  the  ap- 
parent limits  of  the  experiments  on  the  other  side,  then 
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the  mean  value  of  c^  =  "496  nearly  in  equation  (52). 
These  results  would  show  that  the  coetfficient  due  to 
the  submerged  depth  (^2>  in  the  first  and  last  experi- 
ments, is  equal  to  about  '5  nearly,  (but  varies  to  "ft 
nearly  in  some  of  the  middle  experiments,)  or  there- 
abouts, and,  therefore,  equation  (52)  for  submerged 
weii's,  as  the  coefficient  for  the  upper  part  cZj  is  '67, 
would  become 

(52a.)    d  =  1  X  {-445  di  +  -5  d^}  x  V^Jl^; 
which  for  feet  measm'es  would  become  again 
(52b.)     d  =  1  X  V"^  X  {3-56  cij  +  4  d^}, 
for  the  discharge  in  cubic  feet  per  second  over  a  sub- 
merged weir.  Fig.  22. 


CONTRACTED   RIVER    CHANNELS. 

"When  the  banks  of  a  river,  whose  bed  has  a  uniform 
inclination,  approach  each  other,  and  contract  the 
width  of  the  channel  in  any  way,  as  in  Fig.  23,  the 


water  will  rise  in  the  channel  above  the  contracted  por- 
tion A,  until  the  increased  velocity  of  discharge  com- 
pensates for  the  reduced  cross  section.  If,  as  before, 
di  be  put  for  the  increase  of  depth  immediately  above 
the  contracted  width,  and  rfg  for  the  previous  depth  of 
the  channel,  the  quantity  of  water  passing  through  the 
lower  depth,  d^,  is  equal  to  f^  Z  d2  V  2  gr  c?i,  in  which  I 
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is  the  width  of  the  contracted  channel  at  a,  and  the 

2 

•quantity  of  water  overflowing  through  di  equal  to  -  X 

■Ca.ldi  V  2  ^  f?i ;  and  hence  the  whole  discharge  through 
A  is 

(56.)  D  =  Cd  Z  \/'iJd^{(k  +  \  d^. 

When  the  object  is  to  find  the  width  I  of  the  contracted 
■channel,  so  that  the  depth  of  water  in  the  upper 
•stretch  shall  be  increased  by  a  given  depth  d^,  then 
shall 

.(57.)  I  = ^ ^ 

~When  the  velocity  of  approach  is  considerable,  or  when 
the  height  h^  due  to  it  becomes  a  large  portion  of  d^, 
its  effect  must  not  be  neglected.  In  this  case,  as  before, 
the  discharge  through  the  depth  d^  is  equal  io  c^l  d^x 
y/  2  g  {di  +  h^) ;  and  the  discharge  through  the  depth 
di  equal  to  -  c^  Z  V  2  (/  { (cZj  +  ft^)^  —  hi} ;  and  hence 
the  whole  discharge  is 

(58.)  i>=cj  V  2^  {d,  {d,  +  /ij"  +  \  m  +  Kf  -  /'!]} ; 

from  which  may  be  found 

(59.)    1= 5 

c^s/2g{d^  {d,  +  hj  +  l[id^  +  Kf  -  hl\} 

If  the  projecting  spur  or  jetty  at  a  be  itself  sub- 
merged, these  formulae  must  be  extended ;  the  manner 
■of  doing  so,  however,  presents  no  difficulty,,  as  it  is 
only  necessary  to  find  the  discharges  of  the  different 
sections  accordiag  to  the  preceding  formulae,  and  then 
add    them    together;    but   the  resulting  formula  so 
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found   is    too  complicated    to  be  of  much  practical 
value. 


HEADS  ARISING  FROM  PIERS  AND  BACKWATER  ABOVE 
BRIDGES. 

Equations  (56),  (57),  (58),  and  (59),  are  applicable 
to  cases  of  contraction  of  river  channels  caused  by  the 
construction  of  bridge-piers  and  abutments,  when  the 
width  I  is'  put  for  the  sum  of  the  openings  between 
them.  The  value  of  the  coefficient  c^  will  depend  on 
the  peculiar  circumstances  of  each  case  ;  it  was  shown 
that  it  rises  from  "5  to  "7  in  some  cases  of  submerged 
weirs,  and  for  cases  of  contracted  channels  it  rises 
sometimes  as  high  as  '8,  particularly  when  they  are 
analogous  to  those  for  the  discharge  through  mouth- 
pieces and  short  tubes.  When  the  heads  of  the  piers 
are  square  to  the  channel,  the  coefficient  may  be  taken 
at  about  -6 ;  when  the  angles  of  the  cut-waters  or 
sterlings  are  obtuse,  it  may  be  taken  at  about  "7  ;  and 
when  cmved  and  acute,  at  "8.  With  this  coefficient,  a 
head  of  2|-  inches  will  give  a  velocity  of  very  nearly  36 
inches,  or  3  feet  per  second ;  but  as  a  certain  amount 
of  loss  takes  place  from  the  velocity  of  the  tail-water 
being  in  general  less  than  that  through  the  arch,  also 
from  obstructions  in  the  passage,  and  from  square- 
headed  and. very  short  piers,  the  coefficient  may  be  so 
small  ia  some  cases  as  '5,  which  would  require  a  head 
of  6f  inches  to  obtain  the  same  velocity.  This  head  is 
to  the  former  as  54  to  21.  The  selection  of  the  proper 
coefficient  suited  to  any  particular  case  is,  therefore,  a 
matter  of  the  first  importance  in  determining  the  effect 
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of  obstructions  in  river  channels  :  this  subject  shall  be 
referred  to  again,  but  it  is  necessary  to  observe  here, 
that  the  form  of  the  approaches,  the  length  of  the  piers 
compared  with  the  distance  between  them,  or  span, 
and  the  length  and  form  of  the  obstruction  compared 
with  the  width  of  the  channel,  must  be  duly  considered 
before  the  coefficient  suited  to  the  particular  case  can 
be  fixed  upon.  Indeed,  the  coefficients  will  always 
approximate  towards  those,  given  in  the  next  section, 
for  mouth-pieces,  shoots,  and  short  tubes  similarly  cir- 
cumstanced. For  some  further  remarks  on  contracted 
channels,  see  Section  X, 


SECTION  VI. 

SHORT  TUBES,  MOUTH-PIECES,  AND  APPEOACHES. ^AL- 
TERATION IN  THE  COEFFICIENTS  FROM  FRICTION  Br 
INCREASING  THE  LENGTH. COEFFICIENTS  OF  DIS- 
CHARGE FOE  SIMPLE  AND  COMPOUND  SHORT  TUBES. 
SHOOTS. 

The  only  orifices  heretofore  referred  to  were  those 
in  thin  plates  or  planks,  with  a  few  incidental  excep- 
tions. It  has  been  shown,  page  36,  Fig.  4,  that  a 
rounding  off,  next  the  water,  of  the  mouth-piece  in- 
creases the  coefficient ;  and  when  the  curving  assumes 
the  form  of  the  vena-contracta,  the  coefficient  increases 
to  -986,  or  nearly  unity  for  the  outer  orifice.  The  dis- 
charge from  a  short  cylindrical  tube  a,  Fig.  24,  whose 
length  is  from  one  and  a  half  to  three  times  the  diameter, 
is  found  to  be  very  nearly  an  arithmetical  mean  between 
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the  theoretical  discharge  and  the  discharge  through  a 
circular  orifice  iu  a  thin  plate  of  the  same  diameter  as 
the  tuhe,  or  *814  nearly.  If,  however,  the  inner  arris 
be  rounded,  or  chamfered  off  in  any  way,  the  coefficient 
wiU  iacrease  until,  in  the  tube  b,  Fig.  24,  with  a  pro- 
perly-rotmded  junction,  it  becomes  unity  very  nearly. 

Pig.  24. 


L 
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■B 


In  the  conical  short  tubes  c  and  d  the  coefficients  are 
found  to  vary  according  to  some  function  of  the  con- 
.verging  or  diverging  angles  o,  o,  and  according  as  the 
lesser  or  greater  diameter  is  taken  to  calculate  from. 
When  the  length  of  the  tube  exceeds  twice  the  dia- 
meter, the  friction  of  the  water  against  the  sides  may 
be  taken  into  account. 

The  following  table,  calculated,  for  a  coefficient  of 
friction  '00699,  due  to  a  discharging  velocity  of  about 
eighteen  inches  per  second,  see  Section  VIII.,  shows 
the  resistance  arising  fr-om  friction  in  pipes  of  different 
lengths  in  relation  to  the  diameter,  and  will  be  found 
of  considerable  practical  value.  It  will  be  perceived 
that  the  calculations  are  made  for  three  different 
orifices  of  entry.  First,  when  the  arrises  are  rounded, 
as  in  B,  Fig.  24,  with  a  coefficient  of  '986 ;  secondly, 
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OOBPriCIENTS  rOB,   SHORT  AUD  LONG 
Velocities  about  1'S  foot  per  second. 

TUBES 

Number  of 
diameters  in 
the  length 
of  the  pipe. 

Corresponding 
coefficients  of  dis- 
charge, showing  the 
effects  of  friction. 

Number  of 

diameters  in 

the  length 

of  the  pipe. 

Corresponding 
coefficients  of  dis- 
charge, showing  the 
effects  of  friction. 

2  diameters 
5 

10 

15 

20        „ 

25        „ 

30 

35 

40        „ 

45 

50 
100        „ 
150 
200 
250 

300        „ 
350 
400 
450 
500 
550 
600        „ 

■986 
•936 
■884 
•840 
•801 
•767 
•737 
•711 
•693 
•665 
•646 
■513 
■439 
■389 
■354 
•327 
•304 
•287 
•271 
•258 
•247 
•237 

•814 
•779 
■747 
■720 
■695 
■673 
■653 
■634 
■617 
■601 
■586 
•480 
■418 
•375 
■345 
•318 
•297 
•280 
■266 
■254 
■243 
■234 

•715 
•690 
•668 
•649 
•630 
■615 
•598 
■584 
•570 
•558 
•546 
•458 
•403 
•364 
•334 
•311 
■292 
■276 
■262 
■250 
■240 
•231 

650  diameters 

700 

750 

800        „ 

850        „ 

900 

950        „ 
1000        „ 
1100        „ 
1200        „ 
1400        „ 
1600        „ 
1800        „ 
2000 
2200 
2400 
2600 

2800        „ 
3000        „ 
3200        ,, 
3400 
3600 

•228 
•220 
•213 
•206 
•201 
•195 
•190 
•186 
•177 
•170 
•158 
•148 
■139 
•132 
•126 
•120 
•116 
•112 
■108 
•105 
•102 
•099 

■225 

■217 

■211 

■205 

■199 

■193 

■189 

■184 

■176 

■169 

■157 

■147 

•139 

•132 

•126, 

•120 

•116 

•112 

■108 

■105 

■102 

•099 

•223. 
•215 
•209 
•203 
•197 
•192 
•187 
■183 
•175 
•168 
•156 
•146 
•138 
•131 
•125 
•120 
•116 
•112 
•108 
•104 
•101. 
•099 

See  p.  199. 

when  the  arrises  are  square,  as  in  a,  -with  a  coefficient 
of  "815 ;  and,  thirdly,  when  the  pipe  projects  into  the 
vessel,  when  the  coefficient  of  entry  becomes  reduced 
to  "TIS.     The  velocity  is 

w  =  ca  \/  Igh,' 
h  being  measured  to  the  centre;  lower  end  of  the  tube. 
It  is  seen  from  this  table,  that  the  effect  of  adding 
to  the  length  of  the  pipe  is  greatest  next  the  orifice 
of  entry.  The  effect  of  a  few  diameters  added  to  the 
length  in  long  pipes  is,  practically,  immaterial ;  but 
in  short  pipes  it  is  considerable. 
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As  for  orifices  in  thin  plates,  so  also  for  short  tubes, 
the  coefficients  are  found  to  vary  according  to  the 
depth  of  the  centre  below  the  surface  of  the  water, 
and  to  increase  as  the  depths  and  diameter  of  the 
tube  decrease.  Poleni  first  remarked  that  the  dis- 
charge through  a  short  tube  was  greater  than  that 
through  a  simple  orifice,  of  the  same  diameter,  in  the 
proportion  of  133  to  100,  or  as  -617  to  -821. 

CYLrNDEICAL    SHOET   TUBES,    A,    PIG.    24. 

The  experiments  of  Bossut,  as  reduced  by  Prony, 
give  the  following  coefficients,  at  the  corresponding 
depths,  for  a  cylindrical  tube  A,  Fig.  24,  1  inch  in 
diameter  and  2  inches  long.     The  depths  are  given  in 


COEFFICIENTS 

FOB  SHOET  TUBES,  FKOM  BOSSUT. 

Heads 
in  feet. 

CoefBoients. 

Heads 
itt  feet. 

Coefficients. 

Heads 
in  feet. 

Coefficients. 

1 
2 
3 
4 
5 

■818 
•807 
•807 
•807 
•806 

6 
7 
8 
9 
10 

•806 
•806 
•805 
•805 
•805 

11 
12 
13 
14 
15 

•805 
•804 
•804 
•804 
•803 

Paris  feet  in  the  original,  but  the  coefficients  remain 
the  same,  practically,  for  depths  in  English  feet. 

Venturi's  experiments  give  a  coefficient  "823  for  a 
short  tube  a,  IJ  inch  in  diameter  and  4^  inches  long, 
at  a  depth  of  2  feet  8^  inches,  the  coefficient  through 
an  orifice  in  a  thin  plate  of  the  same  diameter  and  at 
the  same  depth  being  '622.  The  author  has  calculated 
these  coefficients,  from  the  original  experiments.  The 
measures  were  in  Paris  feet  and  inches,  from  which 
the  calculations  were  directly  made ;  and  as  the  differ- 
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ence  in  the  coefficient  for  small  changes  of  depth  or 
dimensions  is  immaterial  or  vanishes,  as  may  be  seen 
by  the  foregoing  small  table,  and  as  1  Paris  inch  or 
foot  is  equal  to  1-0658  English  inches  or  feet,  the 
former  measures  exceed  the  latter  by  only  about  iVth. 
It  may  therefore  be  assumed  that  the  coefficient  for  any 
orifice,  at  any  depth,  is  the  same,  whether  the  dimensions 
be  in  Paris  or  English  feet,  or  inches.  This  remark 
■will  be  found  generally  useful  ia  the  consideration  of 
the  older  continental  experiments,  and  will  prevent 
unnecessary  reductions  from  one  standard  to  another 
where  the  coefficients  only  have  to  be  considered. 

The  mean  value  derived  from  the  experiments  of 
Michelotti,  at  depths  from  3  to  20  feet,  and  with  short 
tubes  A  from  J  inch  to  3  inches  in  width,  is  Ca  =  •814. 
Buff's  experiments*  give  the  following  results  for  a 
tube  tV  of  an  inch  wide  and  -j^o  of  an  inch  long  nearly. 

BtrFF's  COEFFICIENTS  FOK  SMALL  SHOET  TUBES. 


Head  in 
inctes. 

Coefficient. 

Head  in 
inches. 

Coefficient. 

Head  in 
inches. 

Coefficient. 

2i 

•855 
■861 

6 
14 

•840 
■840 

23 
32 

■829 
■826 

The  increase  for  smaller  tubes  and  for  lesser  depths 
appears  by  comparing  these  results  with  the  foregoing, 
and  from  the  results  in  themselves,  generally.  Weis- 
bach's  experiments  give  a  mean  value  for  Ca^  "815,  and 
for  depths  of  from  9  to  24  inches  the  coefficients  •843, 
•832,  •821,  '810  respectively,  for  tubes  -,  -,  -  and  -  of  an 
inch  wide,  the  length  of  each  tube  being  three  times  the 

*  Annalen  der  Physik  und  Chemie  von  PoggendorfF,  1839,    Band 
46,  p.  243. 
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diameter,  D'Aubiiisson  and  Castel's  experiments  with 
a  tube  "61  inch  diameter  and  1*57  inch  long,  give  "829 
for  the  coefficient  at  a  depth  of  10  feet.  When  a  pipe 
projects  into  a  cistern  and  has  a  sharp  edge,  the 
coefficient  falls  so  low  as  '715. 

The  coefficients  in  the  following  two  short  tables 
were  calculated  by  the  author  from  Eennie's  experi- 
ments with  glass  orifices  and  tubes.  Table  7,  p.  435, 
Philosophical  Transactions  for  1831.  The  form  of 
the  orifices,  or  length  of  the  shorter  tubes  is  not 
stated,  but  it  is  probable  from  the  result,  that  the 
arrises  of  the  ends  were  in  some  way  rounded  off ;  it 
is  stated  they  were  "  enlarged."  Indeed,  the  dis- 
charges  from  the   short    tube   or   orifice   of  ^   inch 

COEFFICIENTS  FOR  SHOBT  TUBES,  THE   ENDS  ENLAEGBD. 


Head 

iinoh 

J  inch 

Jinoh 

linoh 

in  feet. 

diameter. 

diameter. 

diameter. 

diameter. 

1 

1-231 

•831 

•766 

•912 

2 

1-261 

•839 

-820 

-920 

3 

1-346 

-838 

•821 

•880 

4 

1-261 

-831 

-829 

•991 

diameter  exceed  the  theoretical  ones  in  the  proportion 
of  1'261  to  1,  and  1'346  to  1.  These  results  could 
not  have  been  derived  from  a  simple  cylindrical  tube, 
but  might  have  arisen  from  the  arrises  being  more  or 
less  rounded  at  both  ends,  and  the  orifice  partaking  of 
the  nature  of  a  compoimd  tube,  which  may  be  con- 
structed, as  shall  hereafter  be  shown,  so  as  to  increase 
the  theoretical  discharge  from  1  up  to  1"653.  The 
resulting  coefficients  for  the  J  and  f  inch  tubes, 
approach  very  closely  to    those   obtained    by   other 
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experimenters,  but  those  for  the  inch  tube  are  too 
high,  unless  the  arris  at  the  ends  was  also  rounded. 
The  coefficients  derived  from  the  experiments 
with  a  cylindrical  glass  tube  1  foot  long,  as  here 
given,  are  very  variable ;    like  the  others  they  are, 

COEFFICIENTS  DERIVED  FROM  EXPERIMENTS  WITH  A  GLASS  TUBE 
ONE  FOOT  LONG. 


Heads 

i  inch' 

J  inch 

linoh 

lineh 

in  feet. 

diameter. 

diameter. 

diameter. 

diameter. 

1 

■892 

■703 

■691 

•760 

2 

■914 

■734 

■718 

•749 

3 

■831 

■723 

•709 

•777 

4 

■914 

■725 

•677 

•815 

however,  valuable,  as  exhibitiag  the  uncertainty  at- 
tending "experiments  of  this  nature,"  and  the  neces- 
sity for  minutely  observing  and  recording  every 
circumstance  which  tends  to  alter  and  modify  them. 
Indeed,  for  small  tubes,  a  very  slight  difference  in  the 
measurement  of  the  diameter  must  alter  the  result  a 
good  deal,  particularly  when  it  is  recollected  that 
measurements  are  seldom  taken  more  closely  than  the 
sixteenth  of  an  inch,  unless  in  special  cases.  As  the 
author,  however,  states,  p.  433  of  the  work  referred 
to,  that  the  "  diameters  of  the  tubes  at  their  extremi- 
ties were  carefully  enlarged  to  prevent  wire  edges 
from  diminishing  the  sections  ;  "  this  circumstance 
alone  must  have  modified  the  discharges,  and  would 
account  for  most  of  the  differences. 

The  coefficient  for  rectangular  short  tubes  differs 
in  no  way  materially  from  those  given  for  cylindrical 
ones,  and  may  be  taken  on  an  average  at  "814 
or  -815, 
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SHOET   TUBES   WITH  A   BOUNDED    MOUTH-PIECE,    B, 
riG.    24. 

When  the  junction  of  a  short  tube  with  a  vessel  takes 
the  form  of  the  contracted  veiu.  Figs.  3  and  4,  pp.  35 
and  36j  the  mean  value  of  the  coeflficient  c^  =  "956, 
and  the  actual  discharge  is  found  to  be  from  93  to  99 
j)er  cent,  of  the  theoretical  discharge.  Weisbach,  for 
a  tube  1 J  inch  long  and  -%■  inch  diameter,  rounded  at 
the  junction,  found  at  1  foot  deep  c^  =  "958,  at  5  feet 
deep  Ca  =  -969,  and  at  10  feet  deep  Ca=  '975.  These 
experiments  show  an  iucrease  iu  the  coefficients,  ia 
this  particular  case,  for  an  increase  of  depth.  Any 
other  form  of  junction  than  that  of  the  contracted 
vein,  will  reduce  the  discharge,  and  the  coefficients 
will  vary  fpom  *715  to  '814,  and  to  '986,  according  to 
the  change  in  the  junction  from  the  cylindrical,  pro- 
jecting into  the  vessel,  to  the  square  and  properly 
curved  forms.  The  coefl&cients  derived  from  Venturi's 
experiments  wiU  be  given  hereafter. 

SHORT  CONICAL  CONVEKGENT  TUBES,  C,  FIG.  24. 

The  experiments  of  D'Aubuisson  and  Castel  lead  to 
the  following  coefficients  of  discharge  and  velocity* 
from  a  conically  convergent  tube  c  at  a  depth  of  10 
feet.  The  origiaal  angles  and  coefficients  are  here 
interpolated  so  as  to  render  the  table  more  convenient 
to  refer  to,  for  practical  purposes,  than  the  original. 
The  diameter  of  the  tube  at  the  smaller  or  dischargiag 
orifice  iu  the   experiments   was  "61  inches,  and  the 

*  Traits  d'Hydranlique,  Paris,  p.  60. 
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COEFFICIENTS  FOB.  CONICAL  CONVERGENT  TUBES. 


Con- 

Coefficient 

Coefficient 

Con- 

Coefficient 

Coefficient 

verging 
angle  o. 

of  dis- 

of 

verging 

of  dis- 

of 

charge. 

velocity. 

angle  o. 

charge. 

velocity. 

1° 

■858 

■858 

14° 

■943 

■964 

2° 

■873 

•873 

16° 

•937 

■970 

3° 

■908 

■908 

18° 

■931 

■971 

4° 

■910 

■909 

20° 

■922 

■971 

5° 

■920 

■916 

22° 

■917 

■973 

6° 

■925 

■923 

26° 

■904 

■975 

8° 

•931 

■933 

30° 

■895 

■976 

10° 

■937 

■950 

40° 

•869 

■980 

12° 

■942 

■955 

50° 

■844 

■985 

length  of  the  axis  1'57  inch ;  that  is,  the  length  was 
2'6  times  the  smaller  diameter  of  the  tuhe.  The  co- 
efficient became  "829  for  the  cylindrical  tuhe,  i.  e. 
■when  the  angle  at  o  was  nothing.  The  angle  of 
convergence  o  determines,  from  the  proportions,  the 
length  of  the  inner  and  longer  diameter  of  the  tube. 
The  coefficients  of  discharge  increase  up  to  "943  for 
an  angle  of  13J  or  14  degrees,  after  which  they  again 
decrease ;  but  the  coefficients  of  velocity  increase  as 
the  angle  of  convergence,  o,  increases  from  '829, 
when  the  angle  is  zero  up  to  "985  for  an  angle  of  50 
degrees. 

When  D  is  the  discharge  and  A  the  area  of  the 
section,  as  before  sho-vro,  d  =r  c^  a  V  2  g  h;  but  as, 
in  conicaUy  convergent  or  divergent  tubes,  the  inner 
and  outer  areas  (or,  as  they  may  he  called,  the  re- 
ceiving and  discharging  sections)  vary,  it  is  clear  that, 
the  discharge  being  the  same,  and  also  the  theoretical 
velocity  V  2  gr  fe,  the  coefficient  c^  must  vary  inversely 
with  the  sectional  area  a,  and  that  c^  x  a  must  be 
constant.     For  the  coefficients  tabulated,  the  sectional 
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area  to  be  used  is  that  at  the  smaller  or  outside  end 
of  a  convergent  tube  c,  Fig,  24. 

For  a  short  tube  c,  whose  length  is  "92  inch,  lesser 
diameter  1*21  iach,  and  greater  diameter  1-5  inch,  the 
author  has  found,  from  Venturi's  experiments,  that 
Cfl  =  -607  if  the  larger  diameter  be  used  in  the  calcu- 
lation, and  Cfl  =  "934  when  the  lesser  diameter  is  made 
use  of,  the  discharge  taking  place  under  a  pressure  of 
2  feet  8^  inches. 

The  earlier  experiments  of  Poleni,  when  reduced, 
furnish  us  with  the  following  coefficients:  A  tube  7*67 
inches  long,  2"167  inches  diameter  at  each  end,  gave 
Ca  =  '854 ;  the  like  tube  with  the  inner  or  receiving 
orifice  increased  to  2f  inches,  c^  =  '903  ;  increased  to 
8'5 inches,  c^  =  "898 ;  increased  to  5  inches,  c^—  "888; 
and  increased  to  9"83  inches,  c^  =  '864.  The  depth 
or  head  was  21"33  inches,  the  discharging  orifice 
2'167  inches  diameter,  and  the  length  7"67  inches,  in 
each  case. 

In  the  conically  divergent  tube  d.  Fig,  24,  the  co- 
efficient of  discharge  is  larger  than  for  the  same  tube 
c,  convergent,  when  the  water  fills  both  tubes,  and 
the  smaller  sections,  or  those  at  the  same  distances 
from  the  centres  o  o,  are  made  use  of  in  the  calcu- 
lations. A  tube  whose  angle  of  convergence,  o,  is  5, 
nearly,  with  a  head  of  from  1  to  10  feet,  whose  axial 
length  is  3J  inches,  smaller  diameter  1  inch,  and  lar- 
ger diameter  1"3  inch,  gives,  when  placed  as  at  c,  *921 
for  the  coefficient ;  but  when  placed  as  at  d,  the  co- 
efficient increases  to  '948.  In  the  first  case  the 
smaller  area,  used  in  both  calculations,  being  the  re- 
ceiving,  and   in  the   other  the   discharging,  orifice. 
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The  coefficient  of  velocity  is,  however,  larger  for  the 
tube  c  than  for  the  tube  d,  and  the  discharging  jet 
of  water  has  a  greater  amplitude  in  falling.  The 
effects  of  conically  diverging  tubes  will,  however,  be 
better  perceived  from  the  experiments  on  compound 
short  tubes. 


EFFECTS    OF    COMPOUND    ADJUTAGES    AND    ADMISSION    OF 
AIR   INTO    SHORT    TUBES. 

If  the  tube  a  Fig.  24,  be  pierced  all  round  with 
small  holes  at  the  distance  of  about  half  its  diameter 
from  the  reservoir,  the  discharge  wUl  be  immediately 
reduced  in  the  proportion  of  '814  to  "617.  Venturi 
found  the  reduction  for  a  tube  1|  inch  diameter  and 
A\  inches  long,  at  a  depth  of  2  feet  lOi  inches,  as  41 
-to  31,  or  as  •823  to  6'22.  As  long  as  one  hole  re- 
mained open,  the  discharge  continued  at  the  same 
reduced  rate;  but  when  the  last  hole  was  stopped, 
the  discharge  again  increased  to  the  original  quantity. 
If  a  small  hole  be  pierced  in  a  tube  4  diameters  long, 
at  the  distance  of  \\  or  2  diameters  at  nearest  to  the 
junction,  the  discharge  will  remain  unaffected.  This 
shows  that  the  contraction  in  the  cylindrical  tube 
extends  only  a  short  distance  from  the  junction,  pro- 
bably 1 J  or  \\  diameter,  including  the  whole  curvature 
of  the  contraction. 

The  contraction  at  the  entrance  into  a  tube  from  a 
reservoir  accounts  for  the  coefficients  for  a  short  tube 
A,  Fig.  24,  and  the  short  tubes,  diagrams  1  and  2, 
Fig.  25,  being  each  the  same  decimal  nearly,  when 
o  R :  0  r : :  1 :  '8,  or  when  o  r  is  not  less  than  o  R  X  '79, 
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and  is  at  the  distance  of  nearly  —  from  o  e.      The 

form  of  the  junction  o  o  r  e  remaining  as  described, 
the  following  coefficients  will  enable  us  to  judge  of  the 
discharging  powers  of  differently  formed  short  mouth- 
pieces. They  have  been  deduced  and  calculated, 
principally,  from  Venturi's  experiments.* 

Kg.  25. 


These  coefficients  show  very  clearly  that  any  cal- 
culations from  the  mere  head  of  water  and  size  of  the 
orifice,  without  taking  into  consideration  the  form  of 
the  discharging  tube  and  its  connection  with  the  re- 
servoir, are  very  uncertain ;  and  that  the  discharge  can 
only  be  correctly  obtained  when  all  the  circumstances 
of  the  case,  including  the  form  of  the  discharging 
orifice  and  its  approaches  have  been  duly  considered. 

When  a  tube  similar  to  diagram  5,  Fig.  25,  has  the 
junction  o  o  r  e  rounded,  as  in  Fig.  4,  page  36,  the 
outer  extremity  s  t  st,  such  that  st=:or,  ss=9st, 
and  the  diameter  s  t  =  1*8  times  the  diameter  s  t,  with 
a  short  central  cylindrical  piece  o  r  s  t  between,  the 

*  See  Mcholson's  translation  of  Venturi's  Experimental  Inquiries, 
published  in  the  Tracts  on  Hydraulics,  London,  1836.  The  coefficients 
in  the  tahle,  next  page,  were  all  calculated  for  the  first  time  by  the 
Author. 
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TABLE   OF   COEFFICIENTS  FOE,  SHORT  TUBES  AND  MOTJTH-PIECES. 


Description  erf  orifice,  mouth-piece,  or  short  tube; 


An  orifice  li  inch  diameter  in  a  thin  plate  .        .    . 
A  cylindrical  tube  li^  inch  diameter  and  4^  inches 

long,  A,  Fig.  24 

A  short  tube  with  a  sharp  end  projecting  into  the 

cistern  .        .  

A  cylindrical  tube,  b,  Fig.  24,  having  the  junction 
rounded,  as  in  Pig.  4,  page  36 .  .  .  -  i 
A  short  conical  convergent  mouth-piece,  c,  Fig.  24, 
of  the  proportions  of  o  o  r  R,  Fig.  25  ,  .  .  . 
The  like  tube  divergent,  with  the  smaller  diameter 
at  the  junction  with  the  reservoir ;  length  3^ 
inches,  lesser  diameter  1  inch,  and  greater  dia- 
meter 1  "3  inch 

The  tube,  o  o  w  v  ?*  n,  diagram  2,  Fig.  25,  when  o  R= 
IJ-  inch,  0^=1  "21  inch,  uv=l'21  inch,  and  ou= 
7"y=2  inches,  the  cylindrical  portion  being  shown 

by  dotted  lines 

The  same  tube  when  o  «=11  inches  .        *        .        . 
The  same  tube  when  o«=23  inches      .        .        .     . 
The  tube,  oossTirii,  diagram  2,  Fig.  25,  in  which 
o  R=s  (=s  T-=l^  inch,  from  o  to  s  If  inch,  and  s  s= 
3  inches,  gives  the  same  coefficient  as  the  cylin- 
drical tube,  result  No.  2  (see  No.  19),  viz. 
The  tube,  diagram  1.  Fig.  25,  oti=1J  inch  .        .     . 
The  same  tube,  havingj  the  spaces  o « o  and  rt'R 
between  the  mouth-piece  oorR  and  tbe  cylin- 
drical tube  osTK,  open  to  the  influx  of  the  water. 
The  double  conical  tube,  o  o  s  t  )■  r,  diagram  3,  Fig. 
25,  when  or=st=1J  inch,  or=l'21  inch,  oo= 

■92  inch,  and  OS— 4*1  inches 

The  like  tube  when,  as  in  diagram  4,  Fig.   25, 

oorE.=osTr,  and  oos=l"84inch     .        .        .     . 

The  like  tube  when,  s  t=1  '46  inch,  and  o  s=2 17 

inches 

The  like  tube  when  st=3  inches,  and   o  s=9| 

inches 

The  hke  tube  when  o  s=64  inches,  and  s  t  enlarged 

to  1  "92  inch       .  

The  hke  tube  when  sT=2i  inches,  and  os=12i 

inches 

A  tube,  diagram  5,  Fig.  25,  when  o  s=i't=Z  inches, 
0  r=5  i— 1  '21  inch,  and  the  tube  o  s  t  :•  the  same  as 
described  in  No.  12,  viz.  ST=liinch,  and  ss=4"l 

inches 

The  tube,  diagram  2,  Fig.  25,  wheii  s  t  is  enlarged 
to  1  '97  inch,  and  s  s  to  7  inches,  the  other  dimen- 
sions remaining  as  in  No.  9  .  .  .  . 
"When  the  junction  of  osrt  with  s  s  t  i,  diagram  2, 
Fig.  25,  is  improved,  the  other  parts  remaining  as 
described  in  No.  9     .  .... 

Another  experiment  gives     ...  .     . 


to 

a  s  3 


823 
■715 
611 
60T 

•661 


■600 
■S67 
•531 


•804 

'785 

■928 
823 
■823 
911 
020 
215 

•896 
•945 


6  ■s 


•860 
■847 


■974 
823 
715 
■956 
■934 

•948 


•923 
■873 
•817 


1^266 
1-237 


1-209 

1^428 
1^266 
1^266 
1^400 
1^669 
1^855 

1^377 

1^454 


1-309 
1^303 
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coefficient  of  discharge,  corresponding  to  the  diameter 
o  r  =z  r  s  will  racrease  to  1*493  or  1-555  ;  that  is,  the 

J-      1  •       l'*93  „    ,  1-655  r>   ,-    ,.  -I 

discharge  is  — -  =  2*4,  or  —  =  2*5  tunes  as  much 

622  '622 

as  through  an  orifice  (whose  diameter  is  o  r)  in  a  thin 

1'555 

plate ;  and  —    =   1'9  times  as  much  as  through  a 

short  cylindrical  tuhe  a,  Fig.  24,  whose  diameter  is 
also  or.  Venturi  was  of  opinion  that  this  discharge 
continued  even  when  the  central  cylindrical  portion 
or  s  t  was  of  considerable  length ;  but  this  was  a  mis- 
take, as  the  maximum  discharge  is  obtained  when  it  is 
reduced  so  that  o  or  e  and  s  s  i  t  shall  join,  as  in 
diagram  3,  Fig.  25.  It  is  seen  from  No.  16  of  the  fore- 

floing  coefficients  that  —  =  2"52  and  —  =  1*91  are, 

O  t>  -532  -822  ' 

perhaps,  nearer  to  the  maximum  results  obtainable 
loj  comparing  the  discharge  from  a  compound  tube 
o  0  s  T  r  B,  diagram  3,  Fig.  25,  with  those  through  an 
orifice  in  a  thin  plate,  and  through  a  short  cylin- 
drical tube.  When  the  form 
of  the  tube  becomes  curvi- 
lineal  throughout,  as  in 
Fig.  26,  s  T  =  1'8  0  r  and 
o  s  =  9  o  r,  the  coefficient 


suited  to  the  diameter  o  r  will  be  1*57  nearly,  and  the 
discharge  wiU  be  —  =  2'52  times  as  much  as  through 
an  orifice  o  r  in  a  thin  plate. 

The  whole  of  the  preceding  coefficients  have  been 
determined  from  circumstances  in  which  the  co- 
efficient for  an  orifice  in  a  thin  plate  was  "622,  and 
for  a  short  cylindrical  tube  "822  or  •823.  When  the 
circumstances  of  head  and  approaches  in  the  reservoir 
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are  sucli  as  to  increase  or  decrease  those  primary  co- 
efficients, the  other  coefficients  for  compound  adjutages 
will  have  to  he  increased  or  decreased  proportionately. 
After  examining  the  foregoing  results,  it  appears 
sufficiently  clear  that  the  utmost  effect  produced  hy 
the  formation  of  the  coinpound  mouth-piece  o  o  s  t  r  e, 
with  the  exception  of  No.  17,  is  simply  a  restoration 
of  the  loss  effected  hy  contraction  in  passing  through 
the  orifice  o  e  in  a  thin  plate,  and  that  the  coefficient 
2*5  applied  to  the  contracted  section  at  or  is  simply 
equal  to  the  theoretical  discharge,  or  the  coefficient  unity, 
applied  to  the  primary  orifice  o  e  ;  for,  as  orifice  o  e  : 
orifice  o  r  ::  1  :  '64,  very  nearly,  when  o  o  r  e  takes  the 
form  of  the  vena-contracta,  and  the  coefficient  of  dis- 
charge for  an  orifice  o  r  in  a  thin  plate  is  '622,  then  the 
ratio  of  the  theoretical  discharge  through  the  orifice 

0  E,  is  to  the  actual  discharge  through  an  orifice  o  r,  so  is 

1  to  -622  X  -64,  so  is  1  :  -39808  : :  1  :  -4  very  nearly ; 
and  as  '4  X  2*5  =  1,  it  is  clear  that  the  form  of  the 
tuhe  o  0  s  T  r  E,  when  it  produces  the  foregoing  effect, 
simply  restores  the  loss  caused  hy  contraction  in  the 
vena-contracta.  Venturi's  sixteenth  experiment,  from 
which  the  coefficients  in  No.  17  of  the  Tahle  are 
derived,  gives  the  coefficient  1'215  for  the  orifice  o  e. 
This  indicates  that  a  greater  discharge  than  the  theo- 
retical through  the  receiving  orifice  may  he  ohtained. 
It  is,  however,  observable  that  Venturi,  in  his  seventh 
proposition,  does  not  rely  on  this  result,  and  Eytel- 
wein's  experiments  do  not  give  a  larger  coefficient  than 
2'5  applied  to  the  contracted  orifice  o  r,  which,  as 
above  shown,  is  equal  to  the  theoretical  discharge 
through  o  E. 
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SHOOTS. 

"When  the  sides  and  under  edge  of  an  orifice  or 
notch  increase  in  thickness,  so  as  to  he  converted  into 
a  shoot  or  small  channel,  open  at  the  top,  the  co- 
efficients reduce  very  considerahly,  and  to  some  extent 
beyond  what  the  increased  resistance  from  friction, 
particularly  for  small  depths,  appears  to  indicate. 
Poncelet  and  Lesbros*  found  for  orifices  8"  X  8", 
that  the  addition  of  a  horizontal  shoot  21  inches  long 
reduced  the  coefficient  from  "604  to  "601,  with  a  head 
of  about  4  feet ;  but  for  a  head  of  4J  inches  the  co- 
efficient fell  from  '572  to  -483.  For  notches  8"  wide, 
with  the  addition  of  a  horizontal  shoot  9'  10"  long,  the 
coefficient  fell  from  '582  to  '479  for  a  head  of  8" ;  and 
from  "622  to  "340  for  a  head  of  1".  Castel  also  found 
for  a  notch  8"  wide,  with  the  addition  of  a  shoot  8"^ 
long,  inclined  4°  18',  the  mean  coefficient  for  heads 
from  2"  to  4J",  to  be  "527  nearly.  The  effects  arising 
from  friction  alone  will  be  perceived  from  the  short 
table  at  the  beginning  of  this  section,  p.  146. 

The  orifice  of  entry  into  a  shoot  and  its  position 
with  reference  to  the  sides  and  bottom  modify  the 
discharge,  the  head  remaining  constant.  Lesbros  t 
has  given  the  coefficients  suited  to  different  positions 
of  shoots  both  within  and  without  a  cistern,  and  from 
notches  and  submerged  orifices ;  but,  however  valuable 
these  are  in  some  respects,  they  are  of  little  practical 
use  to  the  engineer.  The  general  principles  which 
are  involved  in  the  modification  of  these  coefficients 

*  Traits  d'Hydraulique,  pp.  46  et  94. 

+  Vide  Morin's  Hydrauliq^ue,  deuxifeme  edition,  pp.  29  et  40. 
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have,  however,  heen  already  pointed  out  when  dis- 
cussing the  effects  of  the  position  of  the  orifice,  and 
the  addition  of  short  tubes,  on  the  discharge.  Equa- 
tion (74b),  p.  196,  is  here  applicable. 


SECTION  VII. 


TiATEEAL  CONTACT  OF  THE  WATER  AND  TUBE. — ATMO- 
SPHERIC PRESSURE. HEAD  MEASURED  TO  THE  DIS- 
CHARGING   ORIFICE. COEFFICIENT   OP    RESISTANCE. 

^FORMULA    FOR    THE    DISCHARGE    FROM    A    SHORT 

TUBE . DIAPHRAGMS . OBLIQUE    JUNCTIONS . ^FOR- 
MULA  FOR   THE    TIME    OF    THE    SURFACE    SINKING  A 

GIVEN  DEPTH. LOCK  CHAMBERS. SLUICES. TIDAL 

SLUICES. 

The  contracted 
vein  0  r  is  about  '8 
times  the  diameter 
0  R  ;  but  it  is  found, 
notwithstanding,  that 
water,  in  passing 
through  a  short  tube 
of  not  less  than  IJ 
diameter  in  length,  fills  the  whole  of  the  discharging 
orifice  s  t.  This  is  partly  effected  by  the  outflowing 
column  of  water  carrying  forward  and  exhausting  the 
air  between  it  and  the  tube,  and  by  the  external  air 
then  pressing  on  the  column  so  as  to  enlarge  its 
diameter  and  fill  the  whole  tube.  When  once  the 
water  approaches  closely  to  the  tube,  or  is  caused  to 
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approach,  it  is  attracted  and  adheres  with  some  force 
to  it.  The  -water  between  the  tube  and  the  vena-con- 
tracta  is,  however,  rather  in  a  state  of  eddy  than  of 
forward  motion,  as  appears  from  the  experiments,  with 
the  tube,  diagram  2,  Fig.  25,  giving  the  same  discharge 
as  the  simple  cylindrical  tube.  If  the  entrance  be  con- 
tracted by  a  diaphragm,  as  at  o  e,  Fig.  27,  the  water 
will  also  generally  fiJl  the  tube,  if  it  be  only  suf&ciently 
long.  Short  cylindrical  tubes  do  not  fill  when  the 
discharge  takes  place  in  an  exhausted  receiver;  but 
even  diverging  tubes,  d.  Fig.  24,  will  be  filled,  under 
atmospheric  pressure,  when  the  angle  of  divergence, 
o,  does  not  exceed  7  or  8  degrees,  and  the  length  be 
not  very  great  nor  very  short. 

When  a  tube  is  fitted  to  the  bottom  or  side  of  a  vessel, 
it  is  found  that  the  discharge  is  that  due  to  the  head 
measured  from  the  surface  of  the  water  to  the  lower  or 
discharging  extremity  of  the  tube.  It  must,  however, 
be  suf&ciently  long,  and  not  too  long,  to  get  filled 
throughout.  GuigKelmini  first  referred  this  effect  to 
atmospheric  pressure,  but  the  first  simple  explanation 
is  that  given  by  Dr.  Mathew  Young,  in  the  Transac- 
tions of  the  Eoyal  Irish  Academy,  vol.  vii.,  p.  56. 
Venturi,  also,  in  his  fourth  proposition,  gives  a 
demonstration. 

The  values  of  the  coef&cients  for  short  cylindrical 
tubes,  which  are  given  p.  156,  have  been  derived  from 
experiments.  Coefficients  which  agree  pretty  closely 
with  them,  and  which  are  derived  from  the  coefficients 
for  the  discharge  through  an  orifice  in  a  thin  plate, 
may,  however,  be  calculated  as  follows  :  Let  c  be  the 
area  of  the  approaching  section.  Fig.  27,  a  the  area  of 

M 
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the  discharging  short  tube,  and  a  the  area  of  the 
orifice  o  e  which  admits  the  water  from  the  vessel  into 
the  tube  :  also  put,  as  before,  h  for  the  head  measured 
from  the  surface  of  the  water  to  the  centre  of  the 
tube,  and  diaphragm  o  e  ;  -y  for  the  actual  velocity  of 
discharge  at  st  ;  ^\  for  the  velocity  of  approach  in  the 
section  c  towards  the  diaphragm  o  e  ;  and  c^  for  the 
coefficient  of  contraction  in  passing  from  o  e  to  o  r ; 
then  c  X  Va  =  A  X  v,  the  contracted  section  o  r  ^ 
Co  X  a,  and  consequently  the  velocity  at  the  con- 
tracted section  is  equal  to =  — ^.    Now  a  theo- 

a  Ca       a  Cc 

retical  head  equal  to 

is  necessary  to  change  the  velocity  v^,  into  v  by  the 
action  of  gravity ;  but  as  the  water  at  the  contracted 

section  o  r,  moving  with  a  velocity ,  strikes  agamst 

a,  Cq 

the  water  between  it  and  t  s,  moving,  from  the  nature 
of  the  case,  with  a  slower  velocity,*  a  certain  loss  of 
effect  takes  place  from  the  impact.  If  this  be,  sup- 
posed, si^dden,  then  wtiters  on  mechanics  have  shown 
that  a  loss  of  head,  equal  to  that  d/ue  to  the  difference, 

A  V 

of  the  velocities,   — —  —  v,  before  and  after  the  impact 
a  C(, 

must  take  place.  This  loss  of  head  is  therefore  equal  to 

\aCe        I 

^9  ' 

*  Yi3.&  Sir  Eobert  Kane's  translation  of  EuUman's  book  on  Hori- 
zontal Water  Wheels,  p.  49. 
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whence  the  whole  head, 

(60.)     h  =  ^^ "^    /^^°     ^  , 

from  which  the  velocity  from  a  short  tube,  is  found 
to  be 

(61.)   v^  V2pjj_^^  Cj!__iy[  • 

Now,  as  '\/  2  g  h  would  be  the  velocity  of  discharge 
were  there    no  resistances,    or   loss   sustained,  it  is 

evident  that-J  i  _  ^^   i   /  -*•    _  lY'' }"    becomes  as  it 


'{'-:i+c-t-rf 


were  a  coeflBcient  of  velocity.  When  the  diameter  of 
the  diaphragm  o  e  becomes  equal  to  the  diameter  s  t 
of  the  tube,  A  =  a,  and  as  the  coefficient  of  velocity 
becomes  equal  to  the  coefficient  of  discharge  when 
there  is  no  contraction,  in  such  case  this  coefficient, 
which  we  call  c  of,  is  expressed  by  the  formula 


(62.) 


°^-={-^+Vo'f 


*  Wien  the  diaphragm  is  placed  in  a  tube  of  umform  bore,  then 
c  =  A,  and 

1  c.-      , 


co/.= 


1 Cc- 


aCc  a 

and  the  loss  of  head,  in  passing  the  diaphragm,  becomes 


It  is  evident  from  the  equations  that  —  and  c  depend  mutnaUy  on 

M  2 
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and  when  the  approaching  section  c  is  very  large 
compared  with  the  area  a, 

(68.)  o./-=:{77^}- 

If  c„  =  "64,  the  last  equation  gives  c  o  f .  =^  "872 ;  if 
c„  =  -601,  CO/.  =  -833;  if  c,,  =  -617,0  0/.  =  '847; 
and  if  c^  =  •621,  c  of  .  =  -856.  These  results  are  in 
excess  of  those  derived  from  experiment  with  cylin- 
drical short  tuhes,  perfectly  square  at  the  ends  and  of 
uniform  bore.  As  some  loss,  however,  takes  place  in 
the  eddy  between  o  r  and  the  tube,  and  from  the  fric- 
tion at  the  sides,  not  taken  into  account  in  the  above 
calculation,  they  will  account  for  the  diiferences  of  not 
more  than  from  4  to  6  per  cent,  between  the  calculation 
and  experiment.  If  c<.be  assumed  for  calculation  equal 
•590,  then  c  o/^="821 ;  and  as  this  result  agrees  very 
closely  with  the  experimental  one,  c^  should  be  taken 
of  this  value  in  using  the  foregoing  formulse,  from  (60) 
to  (63),  for  practical  purposes.  The  thickness  of  the 
diaphragm  itself  and  the  relation  of  that  thickness  to 
the  diameter,  as  well  as  the  form  of  the  orifice  a, 
are  necessary  elements  in  the  consideration  of  this 
question. 

COEFFICIENT    OF   EESISTANCE.  LOSS     OF    MECHANICAL 

POWER   IN   THE    PASSAGE    OF  WATER    THROUGH  THIN 
PLATES   AND    PRISMATIC    TUBES. 

"The  coefficients  of  contraction,  velocity,  and   dis- 

eacL.  otlier,  and  that  they  cannot  he  assumed  arhitrarily.  See  equa- 
tions (66),  (67),  (123),  (124),  and  (125),  with  the  corresponding 
remarks. 
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charge  have  heen  abeady  defined.  The  coefficient  of 
resistance  is  the  ratio  of  the  head  due  to  the  resistance, 
to  the  theoretical  head  due  to  the  actual  or  final  velocity. 
If  V  be  this  latter  velocity,  the  theoretical  head  due  to 

it  IS  ^-— ;  and  if  c,  be  the  coefficient  of  resistance,  then 
the  head  due   to  the    resistance    itself  is,  from  our 

definition,  c^  X  ^.     Now  if  Cy  be  the  coefficient  of 

^  .  ■  ■ 

velocity,  the  theoretical  velocity  of  discharge  must  be 

v  •    •  ly^ 

— ,  and  the  head  due  to  it  is  equal  -3 —  :    but   as 

Cv  ^       cl  X  2g' 

v^ 
the  theoretical  head  due  to  v  is^r-,  then 

% 


2g-\cl-^)  1g 


c?  X  2gr        2g        Vc|       ^ )  ^g 
is  the  head  due  to  the  resistance ;  and,  therefore,  from 
the  definition,  the  coefficient  of  resistance  is 

(64.)  c,=i-l; 

from  which  the  coefficient  of  velocity  is  found 

(«^-)  '^^  =  {e7Tl}*- 

These  equations  enable  us  to  calculate  the  coefficient 
of  resistance  from  the  coefficient  of  velocity,  and  vice 
versa.  If  Cy  =  1,  c,  =  0,  as  it  should  be.  .  The 
following  short  table,  calculated  fi'om  equation  (65), 
will  be  of  use.  In  short  tubes,  the  coefficient  of 
velocity  c^  is  equal  to  the  coefficient  of  discharge  c^.* 
The  coefficient  of  velocity  for  an  orifice  in  a  thin 

*  See  the  tables  of  resistances,  discharge,  and  contraction,  pp.  169 
and  171. 
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COEFFICIENTS  OF  VELOCITY  AND  KESISTANOB. 


Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

of 

of 

of 

of 

of 

of 

velocity. 

resistance. 

velocity. 

resistance. 

velocity. 

resistance. 

•990 

•020 

•910 

•208 

•830 

•452 

•970 

•063 

•890 

•263 

•820 

•488 

•950 

•109 

•870 

•320 

■814 

•508 

•930 

•156 

•850 

•383 

•810 

•525 

plate,  or  for  a  mouth-piece,  Fig.  4,  is  "974 ;  wMe 
that  for  a  short  prismatic  tube,  a.  Fig.  24,  is  •814 
nearly.  The  coefficient  of  resistance  in  the  former 
case  is  •054,  and  in  the  latter  "508 ;  there  is,  therefore, 
9"4  times  as  great  a  loss  of  mechanical  power  in 
the  passage  through  short  prismatic  tubes,  as  through 
orifices  in  thin  plates  or  tubes  with  a  rounded  junction, 
as  in  Fig.  4,  the  quantities  of  water  discharged  and 
the  discharging  orifices  being  the  same. 

If  the  quantities  discharged  and  the  heads  be  the 
same  in  both  cases,  then 


vi 


'    „>a  ^®  equal  to  the  head ; 

-,ov949vl=-66Bvl; 


that  is,  .gg3  ^2g~  ^949  X  2  ^' 
whence  we  get  vl  =  -698  vl  and  vl  =  1-431  vf  for  the 
relation  of  the  discharging  velocities,  %,  from  an 
orifice,  and,  v^,  from  a  short  tube.     The  height  due  to 

the  resistance  is  therefore,  (-^  —  1^3  for  short 

\  -814^         /  2g 

-  for  orifices 


prismatic  tubes,  and  ( — —„  —  A 
\  "974^         / 

in  thin  plates.     These  are  to  each  other  as  "508  to 

-054  X  1-431,  or  as  5-08  to   "773,   that  is  to   say. 


2^ 


OMFWES,    WEIRS,  PIPES,  AND  RIVERS.  167 

the  loss  of  mechanical  power  arising  from  the  resistance 
in  passing  through  short  tubes  is  6'57  times  as  great  as 
when  the  water  passes  through  thin  plates  or  mouth- 
pieces, as  in  Fig.  4  ■  and  the  discharging  mechanical 
power  in  plates,  is  to  that  in  tubes  as  1"431  to  1,  or  as 
1  :  '698,  the  heads  and  quantities  discharged  being 
the  same. 

The  whole  loss  of  mechanical  power  in  the  passage 
is  5"4  per  cent,  for  the  plates,  and  about  51  per  cent, 
for  short  tubes.  If  the  loss  compared  with  the  whole 
head  be  sought,  then,  when  v  is  the  discharging  velo- 
city, ■ — -  is  the  theoretical  velocity  due  to  the  head 
'814 

in  short  tubes,  and  its  square    ,^^,  =  -—^^  is    as    the 

•814''       •663 

whole  head ;  therefore,  the  whole  head  is  to  the  head 
due  to  the  discharging  velocity  as  ;^^5-to  ir,  or  as  1 

*00£) 

to  'GGB ;  and  as  •608  is  the  coefficient  of  resistance  * 
for  the  dischanging  velocity,  •508  X  •663  =  -337  is 
the  coefficient  of  resistance  due  to  the  whole  head ; 
this  is  equal  to  a  loss  of  34  per  cent,  nearly,  or  about 
one-third.  In  like  manner,  '9742  x  '054  =  -051^  is 
found  for  the  coefficient  when  the  discharge  takes 
place  through  thin  plates,  or  5J  per  cent,  of  the  whole 
head. 

DIAPHEAaMS. 

When  a  diaphragm,  o  e.  Fig.  27,  is  placed  at  the 
entrance  of  a  short  tube,  it  is  shown,  page  162,  that 

•  Table,  p.  166. 
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\a  c.         J 


a  loss  of  head  equal  ^-^ takes  place  when  v 

is  the  dischargmg  velocity,  whence  the  coefficient  of 

resistance  is  equal  to  ( 1  )  j  *  according  to  the 

definition.  The  coefficient  of  contraction  c^,  as  before 
shown,  page  164,  should  be  taken  equal  to  '590  in  the 
application  of  formula  (63) ;  and,  as  it  must  also  be 
taken  equal  to  about  "621  when  the  area  of  the  tube  a 
is  very  large  compared  with  the  area  a  of  the  orifice 
o  E  in  the  diaphragm,  it  may  be  assumed  that  when 

—  is  equal  to 

A 
r       0,  1,         -2,         "3,         -4,         -5,         -6,         7,         -8,         -9,    and     1        -. 

\  successively,  the  coefficient  c^  must  be  taken  equal  to  [• 

t-  -621,      -618,      -615,      -612,      -609,      -606,      -603,      -600,      -597,      '693,    and    -690,  J 

taken  in  the  same  order.  As  the  approaching  section 
c  may  be  considered  exceediagly  large,  the  value  of 
the  coefficient  of  discharge  or  velocity,  as  the  tube 
o  B  s  T  is  supposed  full,  in  equation  (61),  becomes 

and  the  coefficient  of  resistance 

(67.)  c,  =  U iV; 

\a  Co  f 

*  For  the  sudden  alteration  in  the  velocity  passing  tlnough  a 
diaphragm,  we  must  reject  the  hypothesis  of  D'Auhuisson,  Traite 
d'Hydraulique,  p.  238,  and  adopt  that  of  Kavier,  taking  the  loss  of 
head  to  correspond  to  the  sq[uare  of  the  difference  and  not  to  the  differ- 
ence of  the  squares  of  the  velocities  m  and  after  passing  the  orifice. 
The  coefficient  of  contraction  must,  however,  be  varied  to  suit  the 
ratio  of  the  channels,  as  it  is  in  this  and  the  following  pages. 
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from  whicli  equations  and  tlie  above  values  of  c^,  cor- 
responding to — ,  the  following  values  of  the  coeffi- 

A 

cients  of  discharge  and  resistance  through  the  tube 
o  R  s  T,  Fig.  27  have  been  calculated. 

COEFFICIENTS   OF  OONTEACTION,    DISCHAEUB,    AND  KESISTANOE  FOB 
DIAPHEAGMS. 


Eatio 
a 

A 

Coefficient 

for  the 
orifice  A. 

!<>• 

Ratio 
,    a 
A  ' 

1"" 

Coefficient 

for  the 
orifice  A. 

o 
O 

•  0-0 

•621 

•000 

infinite. 

0-6 

•603 

•493 

3^115 

0-1 

•618 

•066 

231- 

0^7 

•600 

•587 

1-907 

0-2 

•615 

•139 

50^8 

0-8 

■597 

•675 

1-198 

0-3 

•612 

•219 

19^8 

0-9 

•593 

•753 

•762 

0-4 

•609 

•307 

9^6 

1-0 

•590 

•821 

•483 

0-5 

•606 

•399 

5Z 

... 

In  this  table  c^  is  the  coefficient  of  contraction,  c^ 
the  coefficient  of  discharge,  suited  to  the  larger  section 
of  the  pipe  a,  at  s  t  ;  and  c,  the  coefficient  of  resist- 
ance. The  discharge  is  found  from  equation  (61),  as 
c  is  -here  very  large  compared  with  a,  to  be 

f___i___]i 

(67a.)  d  .=  a  V  2  p  /i-  ^  _^  /^  _  jV 

Va  Co         f  I 

=z  A  V~2jh  I Y^^ }  *==«d  A  VTJh.. 

The  coefficient  of  resistance  Cj,  is  here  equal  ( —  "■'■)' 
and  the  coefficient  of  discharge  c^  =7^ ri.  * 

(1+Cr)^ 

*  For  the  loss  sustained  by  contraction  in  the  tore  of  a  pipe  by  a 
diaphragm,  see  equations  (123),  (124),  and  (125).     The  actual  value  of 
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The  tube  must  be  so  placed,  that  the  water,  after 
passing  the  diaphragm,  shall  iill  it;  for  instance,, 
between  two  cisterns,  when  the  height  h  must  be 
measured  between  the  water  surfaces,  or  when  the 
tube  is  sufficiently  long  to  be  filled  ;  in  this  case,  how- 
ever, the  height  must  he  determined  from  the  discharging 
velocity,  as  a  portion  of  the  head  is  required  to  over- 
come the  friction,  which  shall  be  referred  to  more 
particularly  in  the  next  section. 

The  table  shows  that  the  head  due  to  the  resistance 
is  5'3  times  that  due  to  the  discharging  velocity,  when 
the  area  of  the  diaphragm  is  half  the  area  of  the 
tube ;  that  is,  the  whole  head  required  is  6'3  times 
that  due  to  the  velocity,  and  that  the  coefficient  of 
discharge  is  reduced  to  '399.  In  order  to  find  the 
coefficients  suited  to  the  smaller  area  of  the  orifice  in 
the  diaphragm  o  e,  when  it  is  to  be  used  in  calcula- 
tions of  the  discharge,  divide  the  numbers  corresponding 

to  — into  those  of  c^,  opposite  to  them  in  the  table. 

A 

Thus,  when —  =  "8,  then  the  coefficient  of  discharge 

A 

"675 
suited  to  the  area  a,  is  equal — —    =   "844,  and  so  of 

'8 

other  values  of  the  ratio  — .      The   coefficients  in  the 

A 

table,  page  169,  are  for  the  larger  orifice  A  in  the 


formula  d  =  a  c^  V  2  gr  /i. 


Ct  in  eq^uation  (67a)  depends  on  the  thickness  of  the  diaphragm  as  well 
as  on  the  relation  of  a  and  A.  The  form  of  the  orifice  a  also  affects 
the  value  of  Cj. 
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SHORT  TUBES  OBLIQUE  AT  THE  JUNCTION. 

When  a  tube  is  at- 
tached obliquely,  as  in 
Fig.  28,  the  author 
has  found  that  if  the 
number  of  degrees  in 
the  angle  tos,  formed 
by  the  direction  of 
the  tube  o  s,  with  the  perpendicular  o  t,  be  represented 
by  (/),  then  -814  —  -0016  ^  will  give  the  coefficient  of 
discharge  corresponding  to  the  obliquely  attached  short 
tube  in  the  Figure.  This  formula  is,  however, 
empirical,  but  it  is  simple,  and  agrees  pretty  closely 
with   experimental    results.      As    the    coefficient    of 


resistance  is  equal 
1 


-s 1,  equation  (64),  then  here 


-  (-814  -  -0016-^^  -  ^  '  ^"""^  *^'''  "1""*^°^' 
the  following  table  for  heads  measured  to  the  middle 
of  the  outside  orifice  has  been  calculated : — 


COEFFICIENTS   OF 

DISCHAEGE 

AND   KESISTANCE  FOK 

OBLIQUE 

JtJNCTONS. 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

In  degrees. 

ol 
discharge. 

of 
resistance. 

in  degrees. 

of 
discharge. 

of 
resistance. 

0° 

•814 

•508 

35° 

•758 

•740 

5 

•806 

•539 

40 

•750 

•778 

10 

•798 

•569 

45 

•742 

•816 

15 

•790 

•602 

50 

•734 

•856 

20 

•782 

•635 

55 

•726 

•897 

25 

■774 

•669 

60 

•718 

•940 

30 

•766 

•704 

65 

•710 

•984 

The  coefficient  of  resistance  for  a  tube  at  right  angles 
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to  the  side,  is  to  the  like  coefficient  when  it  makes  an 
angle  of  45  degrees  as  *508  to  'SIG,  or  as  1  to  1"6 
nearly ;  and  the  loss  of  head  is  greater  in  the  same 
proportion.  If  the  short  tube  be  more  than  three  or 
four  diameters  in  length,  friction  wiU  have  to  be  taken 
into  account.  The  head  h  is  measured  to  the  centre 
of  the  outside  orifice. 


FOEMULA  FOR  FINDING  THE  TIME  THE  SURFACE  OP  WATER 
IN  A  CISTERN  TAKES  TO  SINK  A  GIVEN  DEPTH. ^DIS- 
CHARGE FROM  ONE  VESSEL  OR  CHAMBER  INTX) 
ANOTHER. LOCK   CHAMBERS. 

In  experiments  for 
finding  the  value  of  the 
coefficients  of  discharge, 
one  of  the  best  methods 
is  to  observe  the  time 
the  water  discharged 
from  the  orifice  takes  to 
sink  the  surface  in  a  prismatic  cistern  a  given  depth  ; 
the  ratio  of  the  observed  to  the  theoretical  time  will 
then  give  the  coefficient  sought.  A  formula  for  finding 
the  time  is,  therefore,  of  much  practical  value.  In 
Fig.  29,  the  theoretical  time  of  falling  from  s  i  to  s  t, 
in  seconds,  is 

{m.)t=^^^{{h+f)i-U}=-m^-{{h+f)\-M} 

in  which  a  is  the  area  of  the  orifice  o  e,  and  a  the  area 
of  the  prismatic  vessel  at  s  i  or  s  t  :  this  formula  is 
for  measures  in  feet.     For  measures  in  inches,  we  have 
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This  time  is  double  the  time  required  to  discharge 
the  same  quantity  if  the  head  at  the  orifice  remained 
constant. 

Example  VII. — A  cylindrical  vessel  5-74  inches  in 
diameter  has  an  orifice  -2  inch  in  diameter  at  a  depth 
of  16  inches  below  the  surface,  measured  to  the  centre  ; 
it  is  found  that  the  water  sinks  4  inches  in  51  seconds  ; 
ivhat  is  the  coefficient  of  discharge  ? 

The  theoretical  time  t  is  found  from  equation  (69), 

equal    ^ 

5-74    X  -7854      ,^^,      ^„,,     32-9476, 
13-9  X  -2^  X  -7854^^^^ -^^^}=-^^56-f  4-3-4641} 


•556 
=    .KKg     X  -5359=  31-8  seconds  ;  hence,-?^ 


•624 


is  the  coefficient  sought.     When  the  orifice  o  e  and 
the  horizontal  section  of  the  vessel  are  similar  figures, 

A  S  T 

-  is  equal  ——2  ;   and  therefore,  for  circular  cisterns 

and  orifices,  it  is  unnecessary  to  introduce  the  multi- 
pHer  •7854. 

Formulae  for  the  time  water  in  a  prismatic  vessel 
takes  to  faU  a  given  depth,  when  discharged  from  an 
Kg.  29a. 


orifice  at  the  side  or  bottom  are  given  above.     The 
time  the  surface  s  t,  diagram  1,  Fig.  29a,  takes  to  rise 
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to  s  t,  when  supplied  through  an  orifice  or  tube  o  E, 
from  an  upper  large  chamber  or  canal,  whose  surface 

s'  t'  remains  always  at  the  same  level,  is  v'~2^'* 

and  thence  the  time  of  rising  from  e  to  s  for  measures 
in  feet  is 

and  for  measures  in  inches 

in  which  A  is  the  area  of  the  horizontal  section  at  s  t  ; 
a  the  sectional  area  of  the  communicating  channel  or 
orifice  o  E  ;  c^  the  coeflScient  of  discharge  suited  to  it, 
and  hi  and  /,  as  shown  in  the  diagram. 

In  order  to  find  the  time  of  filling  the  lower  vessel 
to  the  level  s  t,  supposing  it  at  first  empty,  the  contents 
of  the  portion  below  o  e  are  equal  to  A^,  and  the  time 
of  filling  it  equal  to 

(69°-)  8-025  Caafet 

then  the  time  of  filling  up  to  any  level  s  t,  for  mea-, 
sures  in  feet,  is  equal  to  the  sum  of  (69a)  and  (69c) ; 
that  is, 

aM       r  I,      2/i-j 

A  {2hi  +  h2—2fih¥) 
~  8-025  c^aB      , 

and  for  measures  in  inches 

*  The  time  of  rising  from  s  to  s  (diagram  1)  is  exactly  donble  the 
time  it  would  take  to  fill  the  same  depth  below  e,  if  the  pressure/ 
remained  uniform. 
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A{2h  +  S2-2/iM) 
~         27-8  c^ahi         • 
When  s  t  coincides  with  s  t 

(^oaF.;  T  _  8-025CdaA| 

for  measures  in  feet,  and 

(69g.)  t  =  ^#^-±^), 

for  measures  in  inches.  These  equations  are  exactly 
suited  to  the  case  of  a  closed  lock-chamber  filled  from 
an  adjacent  canal. 

When  the  upper  level  s'  t'  is  also  variable,  as  in 
Diagram  2,  the  time  which  the  water  in  both  vessels 
takes  to  come  to  the  same  uniform  level  s'  t'  s  t,  which 
is  known  or  easily  found,  is 

/69h  )  t  =  2aAi(V±/i-^*=  .   2AAi(y+/i)^-; 

Cia(A-fAi)V^       Caa(A  +  Ai)V25r' 
in  which  h^  +  fi  —  h  =f+f^  is  the  difference  of  levels 
at  the  beginning  of  the  flow ;  Ax  the  horizontal  section 
of  the  upper  chamber ;  and  the  other  quantities  as  in 
Diagram  1.    As  Aj  ./i  =  Ai  ./,  then 

Now,  in  order  to  find  the  time  of  falling  a  given  depth 
fj^  below  the  first  level  s'  t',  the  head  above  s'  if  s  t  is 
equal  to/i— /^  in  the  upper  vessel,  and  the  depth  below 

it  in  the  lower  vessel  is  equal  to   —^ ;    whence 

the  difference  of  levels  in  the  two  vessels  at  the  end  of 
the  fall  d,  is 
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The  time  of  falling  through  any  given  depth,  J^  is, 
-therefore,  from  equation  (69h), 

Caa(A  +  Ai)V25f(.  \  a  /  j 

When  /,  =  /i  this  iS  reduced  to  t  —  — ^AiiiL^L. 
•^        -^  Cda(A  +  Ai)V2gf, 

and  farther  when  A  =  Ai  this  last  is   again  farther 

A         A    ,     .  Ai#  1-4142  Ai/i 

reduced  to  t  =  7=^  =  t=^=t- 

in  which  V  2  g  =  8-025  for  measures  in  feet,  and 
equal  27'8  for  measures  in  inches.  The  whole  time  of 
filing  to  a  level  the  lower  empty  vessel,  is  found  by 
adding  the  time  of  filling  the  portion  below  e,  deter- 
mined in  a  manner  similar  to  equations  (68),  to  be 

to  the  time  of  filling  above  e,  given  in  equation  (69h), 
vrhen  h  is  taken  equal  to  zero.  Equations  (69h), 
(69i),  and  (69k)  are  appKcable  to  the  case  of  the  upper 
and  lower  chambers  of  a  double  lock,  after  making  the 
necessary  change  in  the  diagrams. 

The  above  equations  require  further  extensions 
-when  water  flows  into  the  upper  vessel  while  also 
flowing  from  it  into  the  lower ;  such  extensions  are, 
however,  of  little  practical  value,  and  we  therefore 
omit  them.     For  sluices  in  flood-gates  with  square 
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arrises,  c^  may  be  taken  at  about  "545,  but  with  rounded 
arrises,  the  coefficient  will  rise  much  higher.  See 
Sections  III.  and  VI. 


SLUICE    OPES. ^FLOOD    AND    TIDAL    SLUICE    DEES. 

Equations  (41),  (42),  (43),  (48),  (49),  (50),  and  (51) 
give  the  discharge  from  sluice  opes  under  different 
circumstances  when  fuUy  open,  submerged,  or  partly 
submerged.  Eejecting  the  velocity  of  approach,  and 
measuring  the  depth,  h  to  the  centre,  or  centre  of 
gravity,  of  the  orifice,  whose  area  is  a,  equation  (41),  be- 
comes, for  the  case  in  Fig.  12,  with  any  form  of 
section,  rectangular  or  circular,  entirely  open  and 
without  back  water. 

D=CaaV2gf/i=8*025CdaV^,  for  one  second;  or 
D  =  481"5  Cfl  a  V  A,  for  one  minute  ;  or 
D=4'95  a  VXwhen  Ca=*617  in  one  second;  and 
<D  =  297  a  V^  ia  one  minute. 

All  in  feet  measures. 

In  the  case,  Fig.  20,  in  which  the  sluice  is  covered, 

or    entirely  submerged,   then  the   discharge  in   one 

minute,  in  feet  measures,  equation  (48)  becomes  also 

(47a.)        d  =  60  Cd  a  \/  2  g  h  =  297  a  Vli ; 

in  which,  however,  h  is  now  the  difference  of  level 

between  the  surfaces  of  the  upper  and  lower  waters. 

If  Ca  be  taJcen  -582  instead  of  "617  then 

(47b.)  d  =  280  a  VX 

But  if  the  coefficient  run  up  to  -712  then 

(47c.)  d  =  343  a  V  h. 

When   the   sluice-ope  is  partly   submerged,  as  in 


(41a.) 
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Fig.  21,  putting  a^  for  the  area  of  tlie  open  portion 
and  eta  for  that  portion  submerged,  then  for  time  in 
minutes,  equation  (60)  or  (51)  becomes 

(50 & 51a.)   d=60 (ca a^ V2gh  +  c^(h\/  2  g  -^^^ 

=  297j^a   VT+a,  \/^^'') 

for  Cd  =  "617  as  a  mean  value  in  both  aj  and  Oj.  It 
however  generally  differs  in  both.  For  a  coefficient  of 
•582  it  becomes  ___^ 

(50  &  51b.)     d  =  280  (  Og  VX  +  Oj  y^A  +  AA  . 
And  for  an  average  coefficient  of  "712  in  Ai  and  Aj  it  is 
(50  &  51c.)      D  =  343  (  a^  VT  +  Oj  \/  ^  t  ^')  • 

In  these  formulae  the  pressure  at  the  sluice  remains 
unchanged  and  the  acting  heads  constant. 

When  the  heads  vary.  The  general  differential 
equation  for  the  discharge,  whatever  be  the  law  of 
the  rise  and  fall,  /  is  evidently 

(70.)di>=Cia\/2g  x  dtVf=Cia\/2gxdtVhi—h. 
The  integration  of  this  equation  depends  on  the  re- 
lation between  /  and  t.  For  the  ordinary  cases  of 
filling  prismatic  ponds  from  upper  levels  the  preceding 
equations  from  (68)  to  (69k)  may  be  used  as  follows  to 
find  D.  If  the  upper  surface  remain  at  the  same  level  as 
in  1,  Fig.  29a ;  while  the  surface  of  the  water  below 
rises  from  the  discharge  through  the  sluice,  and  if  the 
lower  pond  be  a  prism,  whose  horizontal  section  is  a, 
then  dividing  h  a,  the  quantity  by  the  time  t  as  given 
in  equation  (69a),  the  average  discharge  in  average 
s  econds  of  the  whole  time  t  is 
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(,7Ua.)      d  =      .1  _  ^1 —  .     And  for  the  time  t ; 
_  4-0125  Cflfet 

which  are   independent  of  the  area   a  of  the  lower 
vessel.     "When  h  =  /ij  then/  =:  o  and  this  becomes 
(70b.)  d  =:  4-0125  Ci  a  M  i  =  A  h^ 

which  is  exactly  one-half  what  it  would  be  in  the  same 
time  if  the  head  hi  remained  constant,  h  =^  0,  and  there- 
fore the  lower  level  not  rising  higher  than  o  e. 

If  the  lower  level  remain  unchanged  and  the  upper 
varies,  then,  calling  the  section  of  the  upper  prism  Aj, 
the  difference  of  level  hi,  and  /  the  fall  in  the  time  t, 
the  average  discharge  in  one  second  is  found  in  a 
similar  manner  to  be 

(70c.)      D  =  TT 7T~^ — -jTi .     And  for  the  time  t ; 

^        '  hi—  {111  — /)* 

4-0125  Cd  a /t_ 
''-hi-ihi-f)^-^^'' 
when/  =  111  this  is  reduced  to 

(70d.)  d  =  4-0125  Ca  ah\t  =  h  Aj 

the  whole  discharge  in  the  time  of  falling  through  hi. 
In  fact  the  values  (70b)  and  (70d)  for  the  relations 
between  the  time,  discharge,  and  head  are  the  same, 
when  either  level,  above  or  below,  is  fixed  and  the 
water  rises  or  falls  in  the  prismatic  pond.  When  the 
pond  or  cistern  is  of  any  irregular  shape  and  section 
the  contents  can  be  divided  by  horizontal  sections  iato 
any  suitable  number  of  parts  of  equal  height,  when  the 
whole  time  of  filling  or  emptying  will  be  the  sum  of 
the  times  calculated  for  each  horizontal  lamina,  and 

K   2 
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the  greater  the  number  of  lamina  the  more  correct  the 
result. 

When  the  levels  of  both  ponds  vary  by  the  water 
passing  from  one  into  the  other,  diagram  2,  Fig.  29a. 
Measui-ing/and/i  from  the  common  level  and  calling 
/^  the  height  fallen  iu  any  time  *,  then  from  equation 
(69i)  by  dividing  into/^  a  and  multiplying  by  t 
Ca  g  A^  (a  +  Ai)  V  2  gf^  t 

When/x  =  /i  and  the  water  is  one  level  in  both  ponds 
this  becomes  

(70f.)      d  =  2A(/  +  /i)i =  f^  ^1- 

And  when  a  is  infinitely  large,  h  and  /  =  0  this  is 

farther  reduced  to 

(70a.)  ,^CaaV|^x.^^^^^ 

as  it  should  be.    In  each  of  the  last  three  equations 

V  2  a 
the  factor  — „ —  =  4"0125  for  feet  measures.    It  may 

be][said  of  these  formulae  that  the  product^  a^,  oryi  Aj, 
gives  the  quantity  at  once,  but  in  many  problems  f^,  /i 
and  t  have  to  be  found  from  each  other. 
Assuming  the  form  of  the  ordinary  formula 
D  =  Ca  a  V2jfi  =  8-025  Ca  a  V^ 
in  one  second,  or  481*5  Ca  a  V^^^in  one  minute  for  a 
steady  head^.    Then  for  a  variable  head  as  in  Fig.  29, 
and  1  Fig.  29a,  the  time   of   dischargiag    a  given 
quantity  is  doubled:    or,  which  is  the  same  thing, 
the  coefficient  Ca  becomes  now  '5  c   in  the  first  form. 


ORIFICES,    WEIRS,   PIPES,  AND  EIVEES. 


181 


In  the  case  of  two  equal  ponds  equation  (70f)  would 
become 

D  =  -707  Ca  a  V  2  g  fi  X  t, 
and  the  time  1'4142  times  that  required  to  discharge  a 
quantity  equal  to/i  A  with  an  invariable  head /j.     But 
as  the  head  at  the  beginning  was  /i  +  /  =  2/i  if  this 
latter  head  were  used,  the  quantity  being  the  same, 

_  -707  Cd  a  ^TiJ\  X  t  , 

D  =  ^ =  -177 c^a  V  25f2/i  x  t, 

or  a  little  over  one-sixth  of  what  it  would  be  if  the 
head  at  the  beginning  2/i,  remained  invariable  for  the 
same  time  t. 


FLOOD   AND   TIDAL    SLUICES. 

The  opes  for  these  are  intended  for  the  drainage  of 
low  embanked  lands.  They  are  fitted  with  gates,  or 
doors,  generally  hung  on  their  upper  side  and  self- 


X  2     rig.29''» 


S 

JHC 


acting  so  as  to  shut  when  the  outside  water  rises  over 
the  inside  level,  and  to  open  when  it  sinks  to  or  below 
it,  so  as  to  pass  off  the  inside  water.  The  effective 
head  is  reduced  during  the  time  the  water  takes  to 
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rise,  between  the  bottom  of  the  aperture — or  low 
water  if  over  the  aperture, — and  the  inside  level  of  the 
water  on  the  lands.  During  the  time  of  fall  a  like 
reduction  takes  place  ;  and,  therefore,  the  discharging 
power  of  the  sluice  is  considerably  reduced.  The  re- 
lations between  the  times  and  the  heads  risen  or 
fallen  through  being  known,  the  integration  of  equation 
(70)  can  be  effected  directly  or  by  approximation,  li 
being  any  function  of  t.  When  the  rise  or  fall  of  the 
flood  is  everywhere  proportionate  to  the  time,  as  in 
H  L  I,  diagram  3,  Fig.  29b  ;  where  h  l  represents  the 
fall  and  h  i  the  time ;  then  in  diagrams  1  and  2,  if  t 
be  the  time  of  rising  through  fe  +  /  =  ^,  the  time  of 

h  t 
rising  through  ^  is  -^  and  integrating   equation  70 

accordingly, 

(70a.)  d  =   3X^4  a  V  2gh; 

for  the  discharge  in  the  time  of  rising  through  h,  which 
when  ]ii  =  h  becomes 

(70b.)     d  =  I  ca  i  a  V^Vh  =  "667  c^  t  a  V  2g  h^. 
The  coefficient  c^  is  therefore  reduced  one-third  when 
^1=/)  when  hi  =  2/orathalf  flood,  and  indeed  through- 

2  Ca 
out  ^1,  for  either  diagram  1  or  2,  the  coefficient  -s — 

remains  constant.  The  gate  or  door  at  o  is  supposed 
shut  in  the  time  of  rising  and  falliag  through  /i  and  fully 
open  in  the  time  of  rise  or  fall  through  h  +  f  ^  hi. 
When  not  fully  open  the  discharge  becomes  still  further 
reduced. 

Tides. — If  the  whole  fall  h  l  be  that  of  a  tide  from 
Jiigh  to  low  water,  then  on  the  assumption  that  when 
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H  *!  oj  L  is  the  arc  of  a  semicircle  it  represents  time,  t,  of 
rising  or  falling  through  h  l,  the  time  of  rising  through 

0  L  is  represented  by  the  arc  l  o^,  and  the  time  of  rising 
through  T  o  by  the  arc  Oi  ti  the  direct  iutegration  of 
equation  (70),  which  then  becomes  by  reduction 

(70c.)  d-D=c^a  V27x  d  t^  \/k  -  ^-^^(  1  -  COS.  ^^) 

in  which  ty,  is  the  time  of  rising  through  h ;  and — ^ — ' 

the  semirange  of  the  tide,  gives  the  discharge.  Putting 
the  angle  l  d  Oj  =  9  this  may  be  changed  into 

(70i>.)dD~Cia^/¥gX  j^  x  d0  \/ hi--^{l- cosd). 

Or  as  it  can  be  otherwise  expressed,  putting  2  sin.^  ^  for 

1  —  cos  d 


(70E.)dD=CiaV2s( X  ~  X  d(^^)\/hi -  (h+fi)  sin^  ^ 

The  integration  of  any  of  these  forms  can  only  be 
effected  approximately.  With  tides  from  20  feet  to 
6  feet,  inside  heights,  or  values  of  hi,  from  14  feet  to 
1  foot,  and  times  of  rising  through  those  heights  from 
235  to  63  minutes,  Mr.  Cotton  calculated  the  co- 
efficients from  (70e)  and  found  them  to  vary  from 
-748  to  -785.  If  applied  to  the  common  form  these 
give 

(70f.)        d  =  (-748  to  -785)  c^  t  a  V  2  g  h, 
for  the  discharge  within  the  limits  of  the  calculations. 
These  "  tidal  coefficients,"  as  I  shall  call  them,  are 
too  high  for  most  cases  occurring  in  practice,, and  re- 
quire the  sluice  to  be  placed  at  or  below  low  water  of  a 
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6h.  13in.  tide,  as  in  diagram  1,  Fig.  29b.  The  fall 
and  rise  of  the  tide  at  the  end  of  the  ebb  and  begin- 
rdng  of  the  flow  would,  for  several  minutes,  be  prac- 
tically nothing,  and  the  coefficient  would  then  be 
unity,  which  is  the  limit  for  a  verj"^  small  value  of  h 
at  low  water  ia  diagram  1.  At  semirange  for  a  small 
rise  h,  and  an  orifice  placed  there,  the  rise  would  be  as 
the  times  and  the  coefficient  would  be  "667 ;  both 
giving  "833  for  an  arithmetical  mean,  which  is  evi- 
dently too  high,  as  the  coefficient  unity  holds  only  for 
a  comparatively  small  height.  If,  however,  in  dia- 
gram 2,  Fig.  29b,  the  sluice  or  mouth  of  the  culvert 
be  high  up,  and  near  below  the  semirange  of  the  tidal 
wave,  which  is  the  more  common  case  in  practice,  then 
the  coefficient  would  reduce  to  f  =  "667  for  its  limit. 
All  this  supposes  the  surface  of  the  inside  water  or 
reservoir  at  t  in  both  diagrams  to  remain  constant, 
and  as  it  should  reduce  something  in  the  outflow  until 
the  tide  rises  for  some  height  up  hi  there  is  still  a 
greater  reason  for  selecting  f  rds.  or  the  minimum  co- 
efficient of  the  range,  and  to  represent  the  discharge 
from  a  tidal  sluice  fully  open  by 

(70g-.)     d  =  I  Ca  <z  \f2ghi  X  t=  5*35  c^aV  hi  X  t, 
for  feet  measures  and  time  in  seconds  ;  or 
(70h.)  d  =  321  Cd  a  VX  x  t 

for  measures  in  feet  and  time  in  minutes. 

The  value  of  c^  is  best  taken  from  the  table  cal- 
culated from  equation  (74b),  Section  VIII.  If  the 
length  of  the  culvert  *  or  pipe  under  an  embankment  at 

*  The  orifice  0  is,  in  practice,  generally  a  pipe  or  culvert  of  some 
length  built  under  an  embankment. 
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the  mouth  of  which  the  sluice  is  placed  be  20  diameters 
or  80  mean  radii  q  =  -731  then  (70g)  becomes 
(70i.)  D  =  234-6  a  n/^  x  t. 

If  the  length  of  the  culvert  be  40  diameters  or  160 
mean  radii  then  c^  =  -668  and  the  discharge  would  be 
(70k.)  d  =  214  a  VIT  x  *. 

And  for  a  coefficient  of  '623 
(70l.)  d  =  200  a  V^  x  t. 

The  time  of  rise  or  faU  of  the  tide  may  be  taken  at 
6h.  13m.  in  diagram  1,  and  the  time  of  rising  through 
hi  be  represented  by  the  arc  l  Oi  <i,  diagram  8,  but  in 
diagram  2  the  time  corresponding  to  hi  is  the  arc  Oi  ti. 
For  a  uniform  rise  these  times  would  be  represented 
by  1 1,  and  i  o. 

Sluice-doors  when  self-acting  should  open  fully  so 
as  to  be  free  above  the  top  of  the  ope ;  and  not  to  fall 
below  it  until  the  rising  water  is  at  the  level  of  the 
surface  of  the  inside  reservoir ;  when  it  should  shut  if 
well  constructed.  They  hang  in  the  greater  number 
of  executed  works  at  an  angle  6,  with  the  vertical 
which  varies  with  the  force  of  the  outflow.  The  aper- 
ture, a,  in  this  case  is  no  longer  the  cross  section  of 
the  culvert,  but  the  orifice  now  may  be  supposed  as 
made  up  of  a  plane  the  width  of  the  culvert,  at  right 
angles  to  the  door,  equal  to  a  sin.  6,  having  two  vertical 
triangular  open  cheeks  of  the  height  of  the  culvert  one 
on  each  side,  between  the  vertical  plane  on  the  sloping 
door  and  the  top.  These  triangular  cheeks  vary  in 
area  from  zero  to  their  maximum  value,  which  is  when 
the  door  hangs  at  an  angle  of  45°.  If  the  door  be  set 
back  in  the  culvert  these  cheeks  are  stopped  and  the 
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outlet  becomes  a  sin.  6.  Further  formulse  for  such 
contractions  would  be  mere  waste,  practically  con- 
sidered ;  and  they  are  therefore  not  given.  A  good 
sluice  gate,  with  its  mountings,  from  the  axis  of 
suspension  downwards,  should  have  the  same  specific 
gravity  as  the  outside  water,  should  act  in  a  cistern  so 
as  to  be  entirely  immersed  at  all  times,  and  the  centre 
of  pressure  a  little  below  the  centre  of  gravity.  But 
thi^  is  no  place  for  questions  of  construction,  or  the 
application  of  hydrodynamical  principles  to  them.  If 
the  object  were  to  calculate,  at  first,  the  sectional  area 
of  a  culvert  required  for  a  given  discharge  it  should 
not  be  made  less,  in  practice,  than  double  those  easily 
derived  from  the  above  formulse,  which  would  vary 
with  the  ratio  of  the  lengths  to  the  hydraulic  mean 
depth  of  the  culvert. 

In  these  sluices,  flood  or  tidal,  the  time  of  rising 
and  falling  through  /i  is  lost  in  each  flood,  or  in  each 
tide  ;  but  as  sea  water  is  more  dense  than  fresh  water 
the  time  lost  is  a  little  more.  There  is  also  a  back 
leakage  through  the  sluice  when  shut.  When  the 
slmce  can  be  placed  at  or  below  low  water  springs 
there  is  an  advantage  if  not  overbalanced  by  the 
expense  ;  but  in  general  it  is  sufficient  to  place  it  at  or 
below  the  low  water  in  the  tail-race  which,  itself,  must 
have  a  surface  fall  to  the  low  water  of  neap  and  spring 
tides  along  the  shore,  if  it  be  of  any  length.  Other- 
wise, unless  artificially  constructed  and  covered  over, 
it  would  fill  in.  The  range  of  the  tide  varies  consider- 
ably even  in  the  same  place  from  the  lowest  neaps  to 
the  highest  springs.  The  mid-tide  is  nearly  constant 
and  the  velocity  of  ebb  and  flow  indicated  by  change  of 
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level  is  then  a  maximum  for  each  tide.  For  30  degrees 
on  each  side  comprising  the  time  of  falling  through 
the  central  half  of  the  whole  range  the  times,  diagram  3, 
are  nearly  as  the  changes  of  level.  In  the  remainmg 
half  range,  comprising  one  quarter  ahove  and  the  other 
quarter  below,  the  relation  is  more  complex,  and  varies 
with  time,  wind,  and  weather.  In  Dundalk  I  have 
known  two  high  waters  within  a  few  hours  of  -each 
other,  the  first  ebb  having  commenced  and  continued 
for  some  time  until  it  was  stopped  by  a  return  flow. 
Hence,  in  order  to  estimate  approximately  the  dis- 
charge from  a  tidal  sluice,  we  must  calculate  the 
discharge  for  each  tide  and  each  day,  suitable  to  dia- 
gram 1  or  diagram  2 ;  noting  that  as  the  range 
varies  from  springs  to  neaps  so  must  the  head,  hi, 
when  the  surface  at  t  of  the  backwater  remains  con- 
stant. It  is  necessary  to  keep  this  surface  at  all  times 
from  twelve  to  eighteen  inches  at  least  below  the  ad- 
jacent lands,  and  more  if  the  element  of  expense 
permits.  This  level  regulates  the  depth  and  size  of 
the  sluice  or  sluices. 

SeK-acting  slxiices  can  be  hung  on  vertical  as  well 
as  horizontal  axes.  When  at  the  surface,  for  weu's 
across  rivers,  the  centre  of  pressure  for  crest  sluices  is 
at  two-thirds  of  the  depth  below  the  surface.  As  the 
water  falls  below  the  top  so  does  this  centre ;  but  it 
can  never  rise  higher  than  half  the  depth,  the  position 
when  most  deeply  immersed.  The  position  of  the 
horizontal  axis  of  such  sluices  lies  therefore  below  the 
middle,  and  is  regulated  by  the  circumstances  of  each 
case,  which  are  referred  to  farther  on. 
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SECTION    VIII. 

FLOW    OF    WATER  IN    UNIFOBM   CHANNELS. — MEAN   VELO- 
CITY.  MEAN  BADn  AND   HYDEAULIC  MEAN  DEPTHS. 

BORDEE. TRAIN. HYDEAULIC  INCLINATION. 

EFFECTS    OF   FRICTION. FORMULA    FOE    CALCULAT- 
ING    THE     MEAN  VELOCITY. ^APPLICATION    OP    THE 

FORMULA     AND     TABLES     TO     THE      SOLUTIONS      OF 
THREE  USEFUL  PEOBLEMS. 

In  rivers  the  velocity  is  a  maximum  along  the  central 
line  of  the  surface,  or,  more  correctly,  over  the  deepest 
part  of  the  channel;  and  it  decreases  thence  to  the 
sides  and  bottom :  but  when  backwater  arises  from  any 
obstruction,  either  a  submerged  weir,  Fig.  22,  or  a 
contracted  channel,  Fig.  23,  the  velocity  in  the  channel 
approaching  the  obstruction  is  a  maximum  at  the 
depth  of  the  backwater,  below  the  surface,  and  it  de- 
creases thence  to  the  surface,  .sides,  and  bottom. 
When  water  flows  in  a  pipe  of  any  length,  the  velocity 
at  the  centre  is  greatest,  and  it  decreases  thence  to  the 
sides  or  circumference  of  the  pipe.  If  the  pipe  be 
supposed  divided  into  two  portions  in  the  direction  of 
its  length,  the  lower  portion  or  channel  will  be  analo- 
gous to  a  small  river  or  stream,  in  which  the  velocity 
is  greatest  at  the  central  line  of  the  surface,  and  the 
upper  portion  will  be  simply  the  lower  reversed.  A 
pipe  flowing  full  may,  therefore,  be  looked  upon  as  a 
double  stream,  and  it  will  soon  appear  that  the  formulae 
for  the  discharge  from  each  kind  are  all  but  identical, 


ORIFICES,   WEIBS,   PIPES,  AND  MYERS.  189 

though  a  pipe  may  discharge  fall  at  all  iiicHiiations, 
while  the  inclinations  in  rivers  or  streams,  having  uni- 
form motion,  never  exceed  a  few  feet  per  mile. 

IDDAN   VELOCITY. 

It  is  found,  by  experiment,  that  the  mean  velocity  is 
nearly  independent  of  the  depth  or  width  of  the  chan- 
nel, the  central  or  maximum  velocity  being  the  same. 
From  a  number  of  experiments,  Du  Buat  derived 
empu'ical  formulse  equivalent  to 

^   ^  Vb  +  V  ^  ^  _  ^j  _|_   1    ^^  ^  ^^j  _  j^2^  ^^^  ^^  ^^j  _|_  j^2  _ 

A 
in  these  equations  v  is  the  mean  velocity,  v  the  maxi- 
mum surface  velocity,  and  V],  the  velocity  at  the  sides, 
or  bottom,  expressed  in  French  inches.  Tables  cal- 
culated from  these  formulse  do  not  give  correct  results 
for  measiu'es  in  English  inches,  though  they  are  those 
generally  adopted.  Disregarding  the  difference  in  the 
measiures,  which  are  as  1  to  1"0678,  it  will  be  found 
that,  in  the  generality  of  channels,  the  mean  velocity 
is  not  an  arithmetical  mean  between  the  velocity  at  the 
central  surface  line  and  that  at  the  bottom,  though 
nearly  so  between  the  mean  bottom  and  mean  surface 
velocities.  Dr.  Young,*  modifying  Du  Buat's  for- 
mula, assumes  for  English  inches  that  v  +  v^  =  \, 

and  hence  v  =  y  +  ^  —  {^+  i)*.  This  gives  results 
very  nearly  the  same  as  the  other  formula  for  v,  but 
something  less,  particularly  for  small  surface  velocities. 
For  instance,  Du  Buat's  formula  gives  '5  inch  for  the 
mean  velocity  when  the  central  surface  velocity  is  1 

*  Philosophical  Transactions,  1808,  p.  487. 
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inch,  whereas  Dr.  Young's  makes  it  'SS  inch.  For 
large  velocities  both  formulae  agree  very  closely,  dis- 
regarding the  difference  between  the  measures,  which 
is  only  seven  per  cent.  They  are  best  suited  to  verj' 
small  channels  or  pipes,  but  unless  at  mean  velocities 
of  about  3  feet  per  second,  they  are  wholly  inapplicable 
to  rivers. 

Prony  found,  from  Du  Buat's  experiments,  that  for 

,  /2-37187  +  v\      .        .  •  r,     ■ 

measures  m  metres  u  =  I  „  ^  ■,„.,^ Jv,  ui  which  v is 

\d'lool2  +  v/ 

also  the  maximum  surface  velocity.     This,  reduced  for 

measures  in  English  feet,  becomes 

(71)  ^^/7-783    +v\     , 

^'^■'  Uo-345  +  v^' 

and  for  measures  in  English  inches, 

,„,    ,  /  98-39    +  v\ 

(71a.)  V  —  (vsT-^i-; F- 

^        '  \124-14  +  v/ 

For  medium  velocities  v  =  '81  v.  The  experiments 
from  which  these  formulae  were  derived  were  made  with 
small  channels.  The  author  has  calculated  the  values 
of  V  from  that  of  v,  equation  (71a),  and  given  the  re- 
sults in  columns  3, 6,  and  9  in  Table  VII.  Ximenes, 
Funk,  and  Briinning's  experiments  in  larger  channels 
give  the  mean  velocity  at  the  centre  of  the  depth  equal 
•914  V,  when  the  central  or  maximum  surface  velocity 

*  Francis,  Lowell  Experiments,  p.  150,  finds  this  formtda  to  give  15 
per  cent,  less  than  the  result  found  by  weir  measurement  from  the 
formula  D  =  3'33  (I—  'In  h)  h\  the  quantity  discharged  being  about 
250  cubic  feet  per  second,  and  the  velocity  about  3'2  feet.  It  appears, 
however,  that  Francis  uses  the  mean  surface  velocity,  and  not  the 
maximum  surface  velocity  required  by  the  formula  :  if  the  latter  were 
used,  the  difference  would  be  reduced  to  6  per  cent.,  or  thereabouts,  in 
equation  (72). 
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is  T ;  but  as  the  velocity  also  decreases  in  nearly  the 
same  ratio  at  the  surface  from  the  centre  to  the  sides 
of  the  channel,  we  shall  get  the  mean  velocity  in  the 
whole  section  equal  -914  X  "914  v  =  -835  v;  and 
hence,  for  large  channels, 
(72.)  V  -  -835  V, 

in  which  equation  v  is  the  maximum  velocity  at  the 
surface.  The  author  has  also  calculated  the  values  of 
V  from  this  formula,  and  given  the  results  in  columns 
2,  5,  and  8  of  Table  VII.  This  table  will  be  found 
to  vary  considerably  from  those  calculated  from  Du 
Buat's  formula  in  French  inches,  hitherto  generally 
used  in  this  country,  and  much  more  applicable  for  all 
practical  purposes. 


MEAN    EADIUS. HYDRAULIC    MEAN    DEPTH.- 

COEFFICIENT    OF   FEICTION. 


-EORDEE.- 


If,  in  the  diagrams  1  and 
2,  Fig.  30,  exhibiting  the 
sections  of  cylindrical  and 
rectangular  tubes  filled  with 
flowing  water,  the  areas  be 
divided  respectively  by  the 
perimeters  a  c  b  d  a  and  a  b  d  c  a,  the  quotients  are 
termed  "  the  mean  radii"  of  the  tubes,  diagrams  1  and 
2 ;  and  the  wetted  perimeters  in  contact  with  the  flowing 
water  are  termed  "  the  borders."  In  the  diagrams  8 
and  4,  the  surface  a  b  is  not  in  contact  with  the  chan- 
nel, and  the  width  of  the  bed  and  sides,  taken  together, 
a  c  D  B,  becomes  "  the  harder."  "  The  mean  radms  " 
is  equal  to  the  area  a  b  d  c  a  divided  by  the  length  of 
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the  border  a  c  d  b.  "  The  hydraulic  mean  depth  "  is 
the  same  as  "  the  mean  radius,"  this  latter  term  being 
perhaps  most  applicable  to  pipes  flowing  full,  as  m 
diagrams  1  and  2 ;  and  the  former  to  streams  and 
rivers  which  have  a  surface  line  a  b,  diagrams  3  and  4. 
Throughout  the  following  equations,  the  value  of  the 
"mean  radius,"  "hydraulic  mean  depth,"  or  quotient, 

area  a  b  d  c  a^^  ^^^  designated  by  the  letter  r,  remarking 
border  b  d  c  a 

here  that  for  cylindrical  pipes  flowing  full,  or  rivers 
with  semicircular  beds,  it  is  always  equal  to  half  the 
radius,  or  one  fourth  of  the  diameter. 

Du  BuM  was  the  first  to  observe  that  the  head  due 
to  the  resistance  of  friction  for  water  flowing  in  a 
uniform  channel  increased  directly  as  the  length  of  the 
channel  I,  directly  as  the  border,  and  inversely  t  as  the 

*  M.  Grirard  has  conceived  it  necessary  to  introduce  the  coefficient 
of  correction  1'7  as  a  midtiplier  to  the  horder  for  finding  r,  to  allow 
for  the  increased  resistance  from  ac[uatic  plants  ;  so  that,  according  to 
his  reduction, 

area 
*"  ~  1-7  horder' 

See  Eennie's  First  Eeport  on  Hydraulics  as  a  branch  of  Engineering  ; 
Third  Eeport  of  the  British  Association,  p.  167  ;  also,  equation  (85), 
p.  216.  The  Author  has  known  cases  in  very  irregular  channels  in 
which  for  this  sort  of  correction 


4  border" 
In  other  words,  where  the  velocity  found  from  the  common  formula, 
from  the  fall  per  mile,  required  to  be  reduced  one-half  to  find  the 
actual  mean  velocity. 

+  Pitot  had  previously,  in  1726,  remarked  that  the  diminution 
arising  from  friction  in  pipes  is,  ceeteris  paribus,  inversely  as  the 
diameters. 
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area  of  the  cross-flowing  section,  very  nearly ;  that  is, 
as  -.  It  also  increases  as  the  square  of  the  velocity, 
nearly ;  therefore  the  head  due  to  the  resistance  must 


be  proportionate  to 


»2  I 


If  Cf  X 


vH 


hi,  then  Cj 


2gr'  ""^  "  2gr 
is  the  coefficient  for  the  head  due  to  the  resistance  of 
friction,  as  h  is  the  head  necessary  to  overcome  the 
friction  at  the  given  velocity ;  C[  is  therefore  termed 
"  the  coefficient  of  friction."  It  is  found  to  increase  as 
the  velocity  decreases. 


HYDRAULIC  INCLINATION. TRAIN. 

If  I  be  the  length  of  a  pipe  or  channel,  and  hi  the 

height  due  to  the  resistance  of  friction  of  water  flowing 

h 
in  it,  then  y'  is  the  hydraulic  inclination.      In  Fig.  31 

t 

the  tubes  a  b,  c  d,  of  the  same  length  I,  and  whose 


dischargiag  extremities  b  and  d  are  on  the  same  hori- 
zontal plane  b  d,  will  have  the  same  hydraulic  inclina- 
tion and  the  same  discharge,  no  matter  what  the  actual 
inclinations  or  the  depth  of  the  entrances  at  a  and  c 
may  be,  if  they  are  of  the  same  kind  and  bore ;  and  as 
the  velocities  in  a  b  and  c  d  are  the  same,  the  height 
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h  due  to  them  mnst  be  the  same  when  the  circumstances 
of  the  orifices  of  entry  a  and  c  are  alike.  The  whole 
head  is  u  =  h  +  h^  (see  pp.  161  and  162,  &c.)  The 
hydraulic  inclination  is  not  therefore  the  whole  head  h, 
divided  hy  the  length  I  of  the  pipe,  as  it  is  sometimes 
mistaken  for,  but  the  height  hf  (found  by  subtracting  the 
height  h,  due  to  the  entrance  at  a  or  c,  and  the  velo- 
city in  the  pipe,  from  the  whole  height)  divided  by  the 
length  I.  When  the  height  h  is  very  small  compared 
with  the  head  h^  due  to  friction,  or  to  the  whole  height 
H,  as  it  is  in  very  long  tubes  with  moderate  heads ; 

-  may  be  substituted*  for  -j  without  error;  but  for  short 

pipes  up  to  1000  diameters  in  length  the  latter  only 
should  be  used  in  applying  Du  Buat's  and  some  other 
formulae,  which  only  allow  for  the  head  due  to  friction ; 
otherwise  the  results  will  be  too  large,  and  only  fit  to 
be  used  approximately  in  order  to  determine  the  height 
h  from  the  velocity  of  discharge  thus  found.  When 
the  horizontal  pipe  c  d.  Fig.  32,  is  equal  in  every  way 


to  the  inclined  pipe  a  b,  and  the  head  at  a  is  that  due 
to  the  velocity  in  c  d,  the  discharge  from  the  pipe  a  b 
will  be  equal  to  that  from  c  d  ;  but  a  peculiar  property 
belongs  to  the  pipe  a  b  in  the  position  in  which  it  is 
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here  placed ;  for  if  it  he  cut  short  at  any  point  e,  or 
lengthened  to  any  extent,  to  e,  the  discharge  will  remain 
the  same  and  equal  to  that  through  the  horizontal  pipe 
c  D.  The  velocity  in  a  b  at  the  angle  of  inclination 
ABC,  when  a  c  =  h^,  and  a  b  =  c  d,  is  therefore  such 
that  it  remains  unaffected  by  the  length  a  e  or  a  e,  to 
which  it  may  be  extended  or  cut  short ;  and  at  this  in- 
clination the  water  in  the  pipe  ab  is  said  to  be  "in 
train."  In  like  manner  a  river  or  stream  is  said  to  be 
"in  train"  when  the  inclination  of  its  surface  bears 
such  a  relation  to  the  cross  section  that  the  mean 
velocity  is  neither  accelerated  nor  retarded  by  the  length 
of  the  channel ;  and  it  can  be  perceived  from  this  that 
the  acceleration  that  would  be  caused  by  the  inclination 
is  exactly  counterbalanced  by  the  resistances  to  the  mvtioji 
when  the  moving  water  in  a  pipe  or  river  channel  is  in 
train. 

Some  writers  and  engineers  appear  to  confoimd  the 
inclination  of  a  pipe,  simply  so  called,  or  the  head 
divided  by  the  length,  with  the  hydraulic  inclination  ; 
and  consequently  have  fallen  into  error  in  applying 
such  of  the  known  formulae  as  take  into  consideration 
only  the  head  due  to  the  resistance  of  friction.  When 
pipes  are  of  considerable  length,  and  the  water  is 
supplied  from  a  reservoir  at  one  end,  the  inclination, 
found  as  above,  and  the  hydrauHc  inclination,  may  be 
taken  equal  to  each  other  without  sensible  error ;  but 
for  shorter  pipes,  of  say  up  to  800  or  1000  diameters 
long,  the  greater  numbfer  of  formulae,  as  Du  Buat's 
and  others,  do  not  directly  apply ;  and  it  is  necessary 
to  take  into  consideration  the  head  due  to  the  orifice 
of  entry,  the  velocity  ia  the  tube,  and  also  to  the 

0  2 


196 


THE  DISGHAEGE  OF  WATER  FROM 


impulse  of  supply  when  there  are  junctions.  These 
separate  elements,  and  their  effects,  wiU  be  now  con- 
sidered ;  but  it  will  be  of  use  to  refer  a  little  farther 
on  to  some  experiments,  and  the  imperfect  application 
of  formulse  to  them,  first  premising  that  a  pipe  may  he 
horizontal,  or  even  turn  upwards,  and  yet  have  a  con- 
siderable hydraulic  inclination. 

As  /i  =  (1  +  Cy)  5 —  where  c,  is  the  coefficient  of 

the  height  due  to  the  resistance  at  the  orifice  of  entry 

v^  I 
A  or  c,  and  ^f  =  Cf  „  „  ^,  therefore 


2  5rr' 


(73.)    H=(l  +  c,)-2^+c,x-2^^- 

and  hence  the  mean  velocity  of  discharge  is  found 


W      /  I 

=  \\  4  c,  +  Ci^ 


l\^ 
'r)2g' 


to  be 
(74.)     V  - 


2gn 

■v 

1  +  c,  + 

I 

-  X  2flH 
Ct  ^ 


(1  +  0-+? 


as  c|  =  g^r^'  equation  (65).     Also  this  last  equation 

by  another  change  of  form  becomes 

(         1 

(74b.)      V  =  V  2g  s  x 


*  See  equations  (152)  and  (152a)  for  a  still  more  general  expression 
for  the  velocity  ;  and  page  229,  for  the  value  of  C(  suited  to  various 
velocities. 
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the  values  of  the  second  member  on  the  right-hand 
side  of  this  equation,  or  of 

r  1 


are  given,  for  different  values  of  Cf,  c^,  and  -,  in  the 

smaU  table  at  p.  146,  and  below  at  p.  199. 

When  h  is  small  compared  with  ht,  or,  which  comes 

to  the  same  thing,  1  +  c,  small  compared  with  C(  x 

(7o.)  H  =  c,  X  .^, 

and 

(76.) 


,., 


•={'-^F 


XT 

In  the  last  equation,  if  s  be  substituted  for  -, ,  equal 
the  sine  of  the  angle  of  inclination  a  b  c,  then 

(77.)  »={^~r}- 

The  average  value  of  c,  for  aU  pipes  with  straight 
channels,  with  velocities  of  about  1'5  foot  per  second, 
may  be  taken  at  '0069914,  from  which  equation  (77) 
becomes,  for  measures  iu  feet, 

(78.)  «  =  96  Vn. 

As  the  mean  value  of  the  coefficient  of  resistance  c^ 
for  the  entrance  into  a  tube  is  "SOS,  and  as  2  g^ 
=  64-403,  and  c^  =  -0069914,  equation  (74),  for 
measures  in  feet,  becomes 
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r  64-403  h  -v  % 

'"  =  \  1-508  + -0069914 -r'°^ 


Hr 


(79.; 


]'■ 


—  \   •0234r+ -0001085  Z 

=  100   I  oqT^TTT^TaqYI  r  ',  or 


or 


234r+l-08oZ| 


^-^*^|58cZ  +  l-085Zj  • 


This,  multiplied  by  the  section,  gives  the  discharge. 

For  velocities  between  2  and  2J  feet  per  second,  C( 
=  -0064403,  and  therefore 

^  -  t -0234 r  + -0001  Z  J    "^'^tsSd  +  ZJ' 
in  which  cZ  =  4  r  =  diameter  of  a  pipe. 

The  following  table  is  calculated  from  equation 
(74b)  ;for  a  velocity  of  about  20  feet  per  second* 
when  Cf  =  '004556,  and  for  different  orifices  of  entry, 
in  which  c^  varies  from  -986  for  a  rounded  orifice,  to  "715 
when  the  pipe  projects  into  the  vessel.  It  gives  directly 
the  coefficient,  which,  multiplied  by  V  2  gr  h,  gives 
the  velocity  in  the  pipe,  taking  friction  into  account. 

The  small  table  Section  VI.,  p.  146,  gives  the  like 
coefficients  of  V  2  ^  h  in  equation  (74b),  when  c,  = 
'00699  suited  to  a  velocity  of  about  18  inches  per 
second,  and  can  be  applied  in  like  manner.  The  value 
of  V  2  ^  H  is  given,  in  inches,  ia  column  2,  Table  II. 
For  feet  it  is  equal  8  Via  nearly. 

Mr.   Provis's  valuable   experiments!  with   IJ-inch 

•  See  p.  146. 

+  Transactions  of  the  Institution  of  Civil  Engineers,  vol.  ii.  pp.  201 
—210. 
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FOE  VELOCITIES  OF  ABOUT   20   FEET  PER  SECOND.* 


Number  of 

diameters  in 

the  length 

of  the  pipe. 

Correspondin|f 

coefficients  of 

discharge. 

Number  of 

diameters  la 

the  length 

of  the  pipe. 

Corresponding 

coefacients  ol 

discharge. 

2  diameters 

■986 

•814 

•715 

900  diameters 

■239 

•236 

•233 

5 

■957 

•791 

■698 

960 

•234 

■230 

•227 

10 

•919 

•769 

■683 

1000        „ 

•228 

■225 

•222 

15 

■886 

•749 

■669 

1050 

•233 

•220 

•317 

20 

■855 

•731 

■656 

1100 

■218 

•215 

•213 

25 

■828 

•713 

■643 

1200 

•209 

•207 

■205 

30       ,„ 

•804 

•698 

■632 

1400 

•194 

■192 

■191 

35 

•781 

•683 

■620 

1600 

•182 

•180 

■179 

40 

■760 

•668 

■610 

1800 

•172 

■171 

■170 

45 

■741 

•655 

•600 

2000        „ 

•163 

■162 

■161 

50 

■723 

•643 

•590 

2200        „ 

■156 

■155 

•154 

55 

■706 

•632 

•580 

2400 

•149 

■149 

•148 

100 

•595 

•548 

•514 

2600 

•144 

•143 

•142 

150 

•518 

•486 

•462 

2800        „ 

■139 

•138 

•137 

200 

•464 

•440 

•422 

3000 

■134 

•133 

•133 

250 

•424 

•405 

•391 

3200 

■130 

•129 

•129 

300 

•392 

•378 

•366 

3400 

■126 

■125 

■125 

350 

•367 

•356 

•345 

3600 

■122 

■121 

■121 

400 

•346 

•336 

•329 

3800         „ 

■119 

■119 

•118 

450 

•329 

•319 

•314 

4000    .    „ 

■116 

■116 

•115 

500 

•314 

•307 

•300 

4210 

■113 

■113 

•113 

550 

•301 

•295 

•289 

4400 

■111 

'111 

•111 

600 

•289 

•283 

•278' 

4600 

•108 

■108 

•108 

650 

•279 

•273 

•269 

4800 

•106 

•106 

•106 

700 

•269 

■265 

■261 

6000 

•104 

•104 

•104 

750 

■261 

■257 

■253 

5200 

•102 

■102 

•102 

800 

•253 

■249 

■246 

5400 

•100 

■100 

•100 

850 

•246 

■242 

■239 

5600        „ 

•098 

•098 

•098 

pipes,  from  20  to  100  feet  long,  have  been  used  in  a 
published  workf  for  the  purpose  of  testing  the  accuracy 
of  Du  Buat's  and  some  other  formulae  ;  but  the  head 

♦  See  p.  146. 

t  Researolies  in  Hydraulics.     "Weale's  Quarterly  Papers  on  En- 
gineering. 
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divided  by  the  length  is  assumed  to  be  the  hydraulic 
inclination  throughout,  and  no  allowance  is  made  for 
the  head  due  to  the  orifice  of  entry  and  velocity  in 
the  pipe.  Of  course  the  writer's  conclusions  are 
erroneous.  It  is  shown,  Section  I.,  page  16,  how  very 
nearly  the  formulae  and  experiments  agree. 

The  formulae  appear  to  have  been  also  misunderstood 
by  the  surveyor  who  experimented  for  the  General 
Board  of  Health ;  for  the  inclination  of  the  pipe  in 
itself  is  assumed  to  be  the  hydraulic  inclination,  and 
no  allowance  is  made  for  the  head  due  to  the  impulse 
of  supply.  In  the  Civil  Engineer  and  Architect's 
Journal,  Vol.  XV.,  page  366,  it  is  stated  that  "  the 
chief  results  as  respect  the  house  drains  are  thus 
described  in  the  examination  of  the  surveyor  appointed 
to  make  the  trials."* 

"What  quantity  of  water  would  te  discharged  through  a  3-inch 
pipe  on  an  inclination  of  1  in  120  ? — Full  at  the  head  it  would  dis- 
charge 100  gallons  in  three  minutes,  the  pipe  being  50  feet  in  length. 
This  is  with  stone-ware  pipe  manufactured  at  Lamheth.  This  applies 
to  a  pipe  receiving  water  only  at  the  inlet,  the  water  not  heing  higher 
than  the  head  of  the  pipe. 

' '  What  water  was  this  ? — Sewage-water  of  the  fuU  "consistency,  and 
it  was  discharged  so  completely  that  the  pipe  was  perfectly  clean. 

"At  the  same  inclination  what  would  a  4-inch  pipe  discharge  with 
the  same  distances  ? — Twice  the  amount  (that  I  found  from  experi- 
ment) ;  or,  in  other  words,  100  gallons  would  be  discharged  in  half  the 
time.  This  likewise  applies  to  a  pipe  receiving  water  only  at  the  inlet, 
and  of  not  greater  height  than  the  head.  In  these  cases  the  section  of 
the  stream  is  diminished  at  the  outlet  to  about  half  the  area  of  the  pipe. 

' '  Before  these  experiments  were  made,  were  there  not  various  hypo- 
thetical formuleef  proposed  for  general  use  ?— Yes. 

*  Minutes  of  Information  with  reference  to  Works  for  the  removal 
of  Soil,  Water,  or  Drainage,  &o.,  &c.  Presented  to  both  Houses  of 
Parliament,  1852. 

t  It  is  a  mistake  to  call  those  formulae  hypothetical,  unless  so  far  as 
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"What  would  these  formnlse  have  given  with  a  3-inch  pipe,  and  at 
an  inclination  of  1  in  100  ?  and  what  was  the  result  of  your  experi- 
ments with- the  3-inch  pipe?— The  formulse  would  give  7  cuhic  feet, 
the  actual  experiment  gave  Hi  cubic  feet ;  converting  it  into  time,  the 
discharge,  according  to  the  foi-mulse,  compared  with  the  discharge. 
found  by  actual  practice,  would  be  as  2  to  3. 

"How  would  it  be  with  a  4-inch  pipe  ?— The  formulse  would  give 
about  14-7  cubic  feet  per  minute,  whereas  practice  gave  23  cubic  feet 
per  minute. 

"Take  the  case  of  »  6-inch  pipe  of  the  same  incUnation ?— The 
results,  according  to  Mr.  Hawksley's  formula,  would  be  40i  cubic  feet 
per  minute  ;  from  experiment  it  was  found  to  be  63^  cubic  feet  per 
minute. 

"Then  with  respect  to  mains  and  drainage  over  a  flat  surface,  the 
result  of  course  becomes  of  much  more  value,  as  the  difference  proved 
by  actual  practice  increases  with  the  diminution  of  the  inclination ! — 
Certainly,  to  a  very  great  extent.  For  example,  the  tables  give  only 
14'2  cubic  feet  per  minute  as  the  discharge  from  a  pipe  6  inches  dia- 
meter, with  a  fall  of  1  in  800  ;  practice  shows  that,  imder  the  same 
conditions,  47 '2  cubic  feet  will  be  discharged. 

"WiUyou  give  an  example  of  the  practical  value  of  this  when  it 
is  required  to  carry  out  drainage  works  over  a  very  flat  surface  ? — An 
inclination  of  1  in  800  gives  only  14  cubic  feet  per  minute,  according 
to  theory,  while,  according  to  actual  experiment,  and  with  the  same 
inclination,  47  cubic  feet  are  given. 

"Then  this  difference  may  be  converted  either  into  a  saving  of 
water  to  effect  the  same  object,  or  into  power  of  water  to  remove  fecu- 
lent matter  from  beneath  the  site  of  any  houses  or  town  ? — It  may 
be  so.  I 

"  And  also  the  power  of  small  inclinations  properly  managed  ? — 
Yes  ;  for  example,  if  it  was  required  to  construct  a  water  course  that 

the  hypothesis  is  founded  on  observed  facts.  Every  formula  in  prac- 
tical use  is  founded  on  experiments,  and  has  been  deduced  from  them, 
but  those  formulse  are  too  often  hypothetically  applied  to  short  tubes 
without  the  necessary  corrections.  It  wiU  be  seen  in  this  Section 
that  the  experiments  from  which  the  formulse  given  were  derived,  were 
in  every  way  greatly  more  extensive  than  those  made  by  the  directions 
of  the  Board  of  Health.  The  formula  named  as  Mr.  Hawksley's  is, 
substantially,  Eytelwein's  algebraically  transformed. 
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should  discharge,  say  200  feet  per  minute,  the  formula  would  require 
an  incliaation  of  1  in  60=2  inches  in  10  feet;  whereas,  experiment 
has  shown  that  the  same  would  be  discharged  at  an  inclination  of  1  in 
200  =  I  inch  in  10  feet,  thus  effecting  a  considerable  saving  in  excava- 
tion, or  a  smaller  drain  would  suffice  at  the  greater  inclination." 

The  results  given  above  are  calculated  in  the  follow- 
ing Table,  and  also  eight  of  the  experiments  made  for 
the  Metropolitan  Commissioners  of  Sewers* ;  assuming 
for  the  present,  with  the  surveyor,  examined  by  the 
Commissioners,  that  the  inclinations  of  the  pipes  and 
hydraulic  inclinations  of  the  formulae  are  the  same, 
which  is  incorrect,  the  calculated  discharges,  found  by 
means  of  Tables  VIII.  and  IX.,  are  given  in  the  last 
column  of  the  Table. 


Diameter  of 
pipe  in  inches. 

Inclination 
of  pipe. 

Discharge  in 

cubic  feet  per 

minute  by 

experiment. 

Hypothetical 

discharge  by 

Du  Buat's 

formula. 

3 

1  in  120 

5-3 

6-6 

4 

1  in  120 

107 

14 

3 

1  in  100 

11-2 

7-5 

4 

1  in  100 

23 

15-6 

6 

1  in  100 

63-5 

43-8 

6 

1  in  800 

47-2 

13-3 

6 

lin60 

75 

59-3 

6 

1  in  100 

63 

43-8 

6 

1  in  160 

54 

33-4 

6 

1  in  200 

52 

29-2 

6 

1  in  320 

49 

21-8 

6 

1  in  400 

48-5 

19-6 

6 

1  in  800 

47-2 

13-3 

6 

Level. 

46 

00 

Du  Buat's  formula,  therefore,  gives  larger  results 
than  the  experiments  in  the  two  first  cases,  because 
the  water  received  at  one  end  only  barely  filled  it,  and 


*  Adcock's  Engineer's  Pocket  Book,  1852,  pp.  261  and  262. 
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the  pipe  was  not  full  at  the  lower  end ;  but  less  in  the 
others.  If  in  these  the  head  due  to  the  impulse,  of 
entry,  at  the  upper  end,  and  at  the  side  junctions, 
were  known,  and  the  proper  hydraulic  inclination 
determined  by  the  experiments,  the  formulae  would  be 
found  to  give  larger  approximate  results  in  every  case, 
as  might  have  been  expected  from  the  sewage-water 
used.  In  the  last  eight  experiments  it  is  stated,*  that 
"  the  water  was  admitted  at  the  head  of  the  pipe,  and 
at  five  junctions  or  tributary  pipes  on  each  side,  so 
regulated  as  to  keep  the  maia  pipe  fuU,"  and  that 
"  without  the  addition  of  junctions  the  transverse 
sectional  area  of  the  stream  of  water  near  the  dis- 
charging end  was  reduced  to  one-fifth  of  the  corre- 
sponding area  of  the  pipe,  and  that  it  required  a  simple 
head  of  water  of  about  22  inches  to  give  the  same  result 
as  that  accruing  under  the  circumstances  of  the  junc- 
tions." It  is  also  stated,  that  "in  the  case  of  the  6- 
inch  pipe,  which  discharged  75  cubic  feet  per  minute, 
the  lateral  streams  had  a  velocity  of  a  few  feet  per 
minute." 

Now,  the  head  of  "  about  22  inches "  is  wholly 
neglected  in  the  foregoing  calculations,  though  in  a  pipe 
100  feet  long  it  would  be  equal  to  an  inclination  of  1  in 
55  !  It  however  includes  three  elements  at  least,  viz., 
the  portion  due  to  the  orifice  of  entry,  the  portion  due 
to  the  velocity  in  the  pipe,  and  the  portion  due  to 
friction.  Assume  the  case  of  the  horizontal  pipe, 
which  discha/rged  46  cubic  feet  per  minute.-^     This  is 

*  Adcock's  Engineer's  Pocket  Book,  1852,  pp.  261  and  262. 
+  The  horizontal  pipe  would  discharge  equally  at  both  ends,  unless 
there  was  a  head  of  water  at  either,  or  an  equivalent  in  the  velocity  of 
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equal  to  a  mean  velocity  of  46'9  inclies  per  second ; 
with  this  velocity,  we  find  from   Table   VIII.   the 
hydraulic  inclination  of  a  6-inch  pipe  to  be  1  in  94, 
and,  therefore,  the  head  due  to  friction  in  a  pipe  100 
feet  long  is  12  "7  inches.     Assuming  the  coefficient  for 
the  orifice  of  entry  and  velocity  to  be  '815,  we  also 
find  from  Table  II.  a  head  of  4j  inches  due  to  these. 
We  then  have. 
Head  due  to  the  velocity  and  orifice  of 

entry     ......       4"25  inches 

Head  due  to  the  resistance  of  friction     12*70      ,, 
Radius  of  pipe      .....       3'00      ,, 


Total  .  .  19-95 
which  is  about  2  inches  less  than  the  observed  head  : 
this,  however,  is  not  stated  definitely.  It  is  therefore 
evident,  that  the  formula  gives,  if  anything,  larger 
results  than  these  experiments,*  as  might  have  been 
expected,  instead  of  less  in  the  ratio  of  2  to  3,  as  is  stated 
in  the  Report. 

Wherever  junctions  are  applied,  as  in  the  examples 
above  referred  to,  the  formulae  in  general  use  require 
correction;  for  the  quantity  of  water  then  flowing 
below  each  junction  is  increased.  A  certain  amount 
of  error  is,  perhaps,  inseparable  from  every  calculation 
of  this  kind  ;  but  before  formulae  deduced  from  experi- 
ment by  men  every  way  qualified  for  the  task  are 
condemned,  it  would  be  well  that  their  critics  should 
learn  to  understand  and  properly  apply  them. 

approach.     Of  course,  a  smaller  pipe  with  a  fall,  must  be  better  than 
the  larger  one  with  none  at  all,  in  preventing  deposits. 

*  This  is  also  true  of  the  other  formulae,  for  iinding  the  discharge 
from  pipes,  given  in  this  work. 
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The  diameter  of   a  short  pipe  gives  in  itself  the 

means   of   increasing    very  considerably  the    surface 

inclination  of  the  fluid  stream,  by  reducing  the  section 

at  the  lower  end.     Assume  a  horizontal  pipe  50  feet 

long  and  6  inches  in  diameter,  then  if  the  receiving 

end  be  full,  and  the  discharging  end  one-third  full,  this 

.      .      .         .  6—2  1 

inclination  will  be  -vtt-^ — rs  =  Ten ;  and  that  the  dis- 
50  X  1'2         150' 

charging  end   cannot  be  kept  full  unless  a  head  of 

several  inches  be  maintained  at  the  receiving  end,  or 

an  equivalent  from  a  lateral  supply.     "When  the  pipe 

is  about  two  diameters  long  it  becomes  a  short  tube  ; 

and  when  the  length  vanishes,  the  transverse  section 

becomes,  simply,  a  discharging  orifice. 

Du  buat's  formula. 

The  coefficient  of  friction  Cf  is  not,  however,  con- 
stant, as  it  varies  with  the  velocity.  That  given,  p.  198, 
viz.,  Cf  =  •004556  answers  for  pipes  when  the  velocity 
is  20  feet  per  second.  For  pipes  and  rivers  it  is  found 
to  increase  as  the  velocity  decreases  ;  that  is,  the  loss 
of  head  is  proportionately  greater  for  small  than  for 
large  velocities.  Du  Buat  found  the  loss  of  head  to 
be  also  greater  for  small  than  large  channels,  and 
applied  a  correction  accordingly  in  his  formula.  This, 
expressed  in  French  inches,  is 

(l)"-hyp.  log.  (J  +  i-e)- 

.  ^.     ^  h 

maintaining  the  preceding  notation,  m  which  s  =-j. 
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In  this  formula  '1,  in  the  numerator  of  the  first  term, 
is  deducted  as  a  correction  due  to  the  hydraulic  mean 
depth,  as  it  was  found  that  297  (r*  — O'l)  agreed  more 
exactly  with   experiment  than  297r*   simply.      The 

second  term  hyp.  log.f— +  1-6  F,  of  the  denominator 

is  also  deducted  to  compensate  for  the  observed  loss 
of  head  being  greater  for  less  velocities,  and  the  last 

term  'S  (r*  —  •!)  is  a  deduction  for  a  general  loss  of 
velocity  sustained  from  the  unequal  motions  of  the 
particles  of  water  in  the  cross  section  as  they  move 
along  the  channel.  These  corrections  are  empirical ; 
they  were,  however,  determined  separately,  and  after 
being  tested  by  experiment,  applied,  as  above,  to  the 
radical  formula  v  =  297  V  r  s. 

Du  Buat's  formula  was  published  in  his  Piincipes 
d'Hydraulique,  in  1786.  It  is,  as  we  have  seen,  partly 
empirical,  but  deduced  by  an  ingenious  train  of  reason- 
ing and  with  considerable  penetration  from  about  125 
experiments,  made  with  pipes  from  the  19th  part  of  an 
inch  to  18  inches  in  diameter,  laid  horizontally, 
inclined  at  various  inclinations,  and  vertical;  and 
also  from  experiments  on  open  channels  -with  sectional 
areas  from  1 9  to  40,000  square  inches,  and  inclinations 
of  from  1  in  112  to  1  in  36,000.  The  lengths  of  the 
pipes  experimented  with  varied  from  1  to  3,  and  from 
3  to  3,600  feet. 

In  several  experiments  by  which  the  author  has 
tested  this  formula,  the  resulting  velocities  found  from 
it  were  from  1  to  5  per  cent,  too  large  for  small  pipes, 
and  too  small  for  straight  rivers  in  nearly  the  same 
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proportion.  As  the  experiments  from  which  it  was 
derived  were  made  with  great  care,  those  with  pipes 
particularly  so,  this  was  to  he  expected.  Experiments 
with  pipes  of  moderate  or  short  lengths  should  have 
the  circumstances  of  the  orifice  of  entry  from  the 
reservoir  duly  noted ;  for  the  close  agreement  of  this 
formula  with  them  must  depend  a  great  deal,  in  such 
pipes,  on  the  coefficient  due  to  the  height  h,  which 
must  he  deducted  from  the  whole  head  h  before  the 

hydraulic  inclination,  --  :=  s,  can  he  obtained ;  but  for 

V 

very  long  pipes  and  uniform  channels  this  is  not 
necessary. 

The  experiments  from  which  Du  Buat's  formula 
was  constructed  are  given  in  full  by  the  late  Dr. 
Eobinson  in  his  able  article  on  "  rivers "  in  the 
Encyclopaedia  Britannica,  pp.  268,  269,  and  270, 
where  the  calculated  and  observed  velocities  are  placed 
side  by  side  in  French  inches  per  second.  In  all 
these  experiments  Du  Bu§.t  carefully  deducted  the 
head  due  to  the  velocity  and  orifice  of  entry  before 
finding  the  hydraulic  inchnation  s,  and  those  who 
attempt  to  calculate  the  velocity  from  the  head  and 
length  of  the  channel  only,  without  making  this 
deduction,  vriU  find  their  calculated  results  very  dif- 
ferent from  those  there  given.  If  there  were  bends, 
ciu^es,  or  contractions,  deductions  would  have  to  be 
made  for  these  ia  like  manner  before  finding  s. 

Under  aU  the  circumstances,  and  after  comparing 
the  results  obtained  from  various  other  formula,  the 
author  origiaally  preferred  calculating  tables  for  the 
values  of  v  from  this  formula  reduced  for  measures  in 
English  inches,  which  is 
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306-596  (r^  -  -1032) 


V  = 


r|  -  -2906  (r  -  -1032), 


(i)'-.„.io.(l-.iey 

or  more  simply, 

Q'-h„.log.(l  +  1-6)' 

This  gives  tlie  value  of  i>  a  little  larger  than  the 
original  formula,  but  the  difference  is  immaterial. 
For  measures  in  English  feet  it  becomes 

88-51  (r*  -  -03)  ,  4 

(-j-hyp.log.^-  +  l-6J 

The  results  of  equation  (81-)  are  calculated  for 
different  values  of  s  and  r,  and  tabulated  in  Table 
VIII.,*  the  first  eight  pages  of  which  contain  the 
velocities  for  values  of  r  varying  from  -rVth  inch  to 
6  inches  ;  or  if  pipes,  diameters  from  \  iuch  to  2  feet, 
and  of  various  inclinations  from  horizontal  to  vertical. 
The  last  five  pages  contain  the  velocities  for  values  of 
r  from  6  inches  to  12  feet,  and  with  falls  from  6  inches 
to  12  feet  per  mile. 

Example  VIII.  A  pipe,  IJ  inch  diameter  and 
100  feet  long,  has  a  constant  head  of  2  feet  over  the 
discha/rging  extremity ;  what  is  the  velocity  of  discharge 
,  per  second  ? 

•  When  this  Table  was  first  calculated,  the  author's  formula  (119a) 
was  not  known,  and  as  a  development  of  Du  Bust's  valuable  but 
complex  expression  the  table  is  retained.  Others  have  since  given 
Tables  calculated  from  (119a),  but  the  formula  itself  is  easily  remem- 
bered, and  results  for  any  particular  case  easily  calculated  ;  especially 
so  by  using  the  last  column  of  the  table  attached  to  it. 
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The  mean  radius  r  =  -  =  -inches,  and  —  =60  =~. 

4  8  '  2  g' 

is  the  approximate  hydraulic  inclination.  At  page  2 
of  Table  VIII.,  in  the  column  under  the  mean  radius 

3 

— ,  and  opposite  to  the  inclination  1  in  50,  is  found 

30'69  inches  for  the  velocity  sought.  This,  however, 
is  hut  approximative,  as  the  head  due  to  the  velocity 
should  be  subtracted  from  the  whole  head  of  2  feet, 
before  finding  the  true  hydrauhc  inclination.  This 
head  depends  on  the  coefficient  of  resistance  at  the 
entrance  orifice,  or  the  coefficient  of  discharge  for  a 
short  tube.  In  all  Du  Buat's  experiments  this  latter 
was  taken  at  •8125,  but  it  will  depend  on  the  nature 
of  the  junction,  as,  if  the  tube  runs  into  the  cistern, 
it  will  become  as  small  as  "715 ;  and,  if  the  junction 
be  rounded  into  the  form  of  the  contracted  vein,  it 
wiU  rise  to  '974,  or  1  nearly.  In  this  case,  the  co- 
efficient of  discharge  may  be  assumed  •815,*  from 
which,  in  Table  II.,  the  head  due  to  a  velocity  of 

30'69  inches  is  1-  =  1"87  inch  nearly,  which  is  the 

value  of  h;    and  hence,  s  —  h  =  h^  =  24  —  1^87 

I        100  X  12        ^,  „         1 
=  22"13  inches;  andr-  = — go-iq —  =  o4^2  =    -  » 

the  hydraulic  inclination,  more  correctly.  With  this 
new  inclination  and  the  mean  radius  -,  the  velocity 
by  interpolating  between  the  incHnations  1  in  50 
and  1  in  60,  given  in  the  table,  is  30^69  - 1^34  =  29-35 
inches  per  second.  This  operation  may  be  repeated 
until  V  is  found  to  any  degree  of  accuracy  according 

*  See  Example  16,  pp.  14,  15. 
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to  the  formula ;  but  it  is,  practically,  unnecessary  to 
do  so.  The  discharge  per  minute  in  cubic  feet,  is  now 
easily  found  from  Table  IX.,  in  which,  for  an  inch 
and  a  half  pipe, 

Inches. '  CnHo  feet. 

For  a  Telocity  of  20-00  perseeond,  1-22718  per  minute. 
9-00    „       „  -55223    „ 

■30    „      „  -OlSU     „ 

■04    „       „  ■00245'    „ 


29-34    „      „        1-80027    „ 

The  discharge  found  experimentally  by  Mr.  Proyis, 
for  a  tube  of  the  same  length,  bore,  and  head,  was 
1*745  cubic  foot  per  minute. 

If  the  coefficient  of  discharge  due  to  the  orifice  of 
entry  and  stop-cock  in  Mr.  Provis's  208  experiments  * 
with  1 J  inch  lead  pipes  of  20,  40,  60,  80,  and  100  feet 
lengths,  be  '715,  the  results  calculated  by  the  tables 
will  agree  with  the  experimental  results  with  very 
great  accuracy,  and  it  is  very  probable,  froln  the 
circumstances  described,  that  the  ordinary  coefficient 
•815  due  to  the  entry  was  reduced  by  the  circum- 
stances of  the  stop-cock  and  fixing  to  about  '715 ; 
but  even  with  "815  for  the  coefficient,  the  difference 
between  calculation  and  experiment  is  not  much,  the 
calculation  being  then  in  excess  in  every  experiment, 
the  average  being  about  5  per  cent.,  and  not  so  much 
in  the  example  we  have  given. 

Table  VIII.  gives  ■  the  velocity,  and  thence  the 
discharge,  immediately,  for  long  pipes,  and  Table  X. 

*  Transactions  of  the.  Institution  of  Civil  Engineers,  vol.  ii.  pp. 
201,  210, 
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enables  us  to  calculate  the  cubic  feet  discharged  per 
minute,  with  great  facility.  For  rivers,  the  mean 
velocity,  and  thence  the  discharge,  is  also  found  with 
quickness.  See  also  Tables  XI.,  XII.,  and  XIII., 
and  the  Tables  at  pp.  28  and  29. 

Example  IX.  A  watercourse  is  7  feet  wide  at  the 
bottom,  the  length  of  each  sloping  side  is  6*8  feet,  the 
width  at  the  surface  is  18  feet,  the  depth  4:  feet,  and  the 
inclination  of  the  surface  4  inches  in  a  mile ;  what  is 
the  quantity  flowing  down  per  minute  ? 

Here  (^^  +  '<')  ^  T  =  £L   =   2-4272  feet  =  29-126 
7  +  2x6-8        20-6 

inches  =  r,  is  the  hydraulic  mean  depth ;  and  as  the 
fall  is  4  inches  per  mUe,  at  the  llth  page  of  Table 
VIII.,  the  velocity  v  =  12-03  —  "16  =  11-87  inches 
per  second ;  the  discharge  in  cubic  feet  per  minute  is, 
therefore, 

50  X   —  X  60  =  2967-5. 
If  94-17  Vr^  =  V,  then  v  -  94-17  \/2-427  +  — 

V  15840 

-17  X  ri. 

•Oj    652 

Watt,  in  a  canal  of  the  fall  and  dimensions  here  given, 
found  the  mean  velocity  about  13J  inches  per  second. 
This  corresponds  to  a  fall  of  5  inches  in  the  mile, 
according  to  the  formula.  Du  Buat's  formula  is  less 
by  122-  per  cent,  or  ^th;  the  common  formula  too 
much  by  5  per  cent. 

In  one  of  the  original  experiments  with  which  the 
formula  was  tested  on  the  canal  of  Jard,  the  measure- 
ments accorded  very  nearly  with  those  in  this  example, 

•  p  2 


15840 
94  "17 

94-17  X     /—  =  —  =:  1-17  feet  =  14-04  inches. 

807 
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viz.  —  =:  15360,  and  r  =  29-1  French  inches ;    the 
s 

observed  velocity  at  the  surface  was  15"74,  and  the 

calculated   mean  velocity,   from  the   formula,    11"61 

French  inches.*     Table  VII,  will  give  12-29  inches 

for  the  mean  velocity,  corresponding  to  a  superficial 

velocity  of  15"74  inches.     This  shows  that  the  formula 

also  gives  too  small  a  value  for  v  in  this  case,  by  about 

-i\th  of  the  result,  it  being  about  —  part  in  the  other. 

The  probable  error  in  the  formula  applied  to  straight 
clear  rivers  of  about  2  feet  6  inches  hydraulic  mean 
depth  is  nearly  yjth  or  8  per  cent,  of  the  tabulated 
velocity,  and  this  must  be  added  for  the  more  correct 
result ;  the  watercourse  being  supposed  straight  and 
free  from  aquatic  plants. 

Notwithstanding  the  differences  above  remarked 
on,  the  results  of  this  formula,  as  calculated  and 
tabulated,  may  be  pretty  safely  relied  on  when  applied 
to  general  practical  pwposes.  Many  of  the  others 
which  we  shall  proceed  to  lay  before  our  readers  are 
more  partial  in  their  application.  Rivers  or  water- 
courses are  seldom  straight  or  clear  from  weeds,  and 
even  if  the  sections,  during  any  improvements,  be 
made  uniform,  they  will  seldom  continue  so,  as  "  the 
regimen,"  or  adaptation  of  the  velocity  to  the  tenacity 
of  the  banks,  must  vary  with  the  soil  and  bends  of  the 
channel,  and  can  seldom  continue  permanent  for  any 
length  of  time  unless  protected.  From  these  causes  a 
loss  of  velocity  takes  place,  difficult,  if  not  impossible, 

*  These  measures  reduced  to  inehes,  give  r  =  31 '014,  o  =  12'374  ; 
and  the  surface  velocity  16  '775  inches ;  reduced  for  mean  velocity 
13-101  inches. 
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to  estimate  accurately,  but  which  may  be  taken  at 
from  10  to  100  per  cent,  of  that  in  the  clear  unob- 
structed direct  channel ;  but  be  this  as  it  may,  it  is 
safer  to  calculate  the  drainage  or  mechanical  results 
obtainable  from  a  given  fall  and  river  channel,  from 
formulce  which  give  lesser,  than  from  those  which  give 
larger  velocities.  This  is  a  principle  engineers  cannot 
too  much  observe. 

It  was  before  remarked,  that  for  both  pipes  and 
rivers  the  coefficient  of  resistance  increases  as  the 
velocity  decreases.  This  is  as  much  as  to  say,  in  the 
simple  formula  for  the  velocity,  v  ^  m  's/  r  s,  that  m 
must  increase  with  v,  and  as  some  function  of  it. 
This  is  the  case  in  Table  VIII.,  throughout  which  the 
velocities  increase  faster  than   V^  the  V  s,  or  the 

V  r  s.  In  all  formulse  made  use  of  by  engineers,  but 
the  author's,  Weisbach's,  Du  Buat's  and  Young's, 
the  velocity  found  is  constant  when  w  r  s  or  r  X  s  is 
constant.     In  Du  Buat's  formula  for  r  X  s  constant, 

V  obtains  maximum  values  between  r  =  I  inch  and 
r  =  1  inch ;  the  differences  of  the  velocities  for 
different  values  of  r  above  1  inch,  r  X  s  being 
constant,  are  not  much.  The  maximum  value,  or 
nearly  so,  may  always  be  found  by  assuming  r  =  |  inch, 
and  finding   the  corresponding  inclination  from  the 

formula  ^^  ,  which  is  equal  to  it.     For  example,  if 

O 

r  =  12  inches,  and  s  =  j— ,  the  velocity  is  found 
equal  9-62  inches;    but  when  r  s  is   constant,  the 

„    .  .  4  X  12" 

inclination  s  corresponding  to  r  =  i  mch  is  j;^^ 
—  -  .  from  which,  is  found  from  the  table,  v  =  10-25 
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inclies,  for  the  maximum  velocity,  making  a  difference 
of  fully  7  per  cent. 

When  r  =  '01  of  an  inch,  or  a  pipe  is  -^^^^  P^'^^  of 
an  inch  in  diameter,  Du  Buat's  formula  fails,  but 
it  gives  correct  results  iot  pipes  |^th  of  an  inch  in 
diameter,  and  two  of  the  experiments  from  which  it 
was  derived  were  made  with  pipes  12  inches  long  and 
only  TT-th  part  of  an  inch  in  diameter. 

Table  VIII.  is  extended  so  as  to  make  it  directly 
available  for  hydraulic  mean  depths,  from  ^V^h  of  an 
inch  to  12  feet,  and  for  various  hydraulic  inclinations, 
even  up  to  vertical,  for  pipes.  The  fall  in  rivers 
seldom  exceeds  2  or  3  feet  per  mile,  or  the  velocity  5 
or  6  feet  per  second.  The  extension  of  the  Table  for 
great  inclinations,  and  consequently  great  velocities, 
was  made  for  the  purposes  of  calculation,  and  to 
include  pipes.  It  must  be  understood  throughout 
this  Table  that  the  velocities  are  those  which  continue 
unchanged  for  any  length  of  channel,  viz.,  when  the 
resistance  of  friction  is  equal  to  the  acceleration  of 
gravity,  the  moving  water  and  channel  being  then 
in  train.  Several  of  Du  Buat's  experiments  were 
made  with  small  vertical  pipes.  This  Table  is 
equally  applicable  to  pipes  and  rivers,  and  gives 
directly  either  the  hydraulic  inclination,  the  hydraulic 
mean  depth,  or  the  velocity  when  any  two  of  them 
are  known. 

The  mean  velocity  is  given  in  preference  to  the 
discharge  itself  in  Table  VIII.,  because,  while  an 
infinite  number  of  channels  having  the  same  hydraulic 
inclination  (s)  and  the  same  hydraulic  mean  depth  (r) 
must  have  the  same  velocity  (v),   yet  the   sectional 
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areas,  and  consequently  the  discharges,  may  vary 
upwards  from  6*2832j-^,  the  area  of  a  semicircular 
channel,  to  any  extent ;  and  the  operation  of  multi- 
plying the  area  by  the  mean  velocity,  to  find  the 
discharge,  is  so  very  simple  that  any  tabulation  for 
that  purpose  is  unnecessary.  Besides  this,  the  banks 
of  rivers,  unless  artificially  protected,  remain  very 
seldom  at  a  constant  slope,  and  therefore  any  Tables 
of  discharge  for  particular  side  slopes  are  only  of  use 
so  far  as  they  apply  to  hypothetical  cases.  Indeed, 
in  new  river  cuts,  the  banks,  cut  first  to  a  given  slope, 
alter  very  considerably  in  a  few  months ;  while  the 
necessary  regimen  between  the  velocity  of  the  water 
and  the  channel  is  in  the  course  of  being  established. 
The  velocity  suited  to  the  permanency  of  any  proposed 
river  channel,  though  too  often  entirely  neglected,  is 
the  very  first  element  to  be  considered. 

Coulomb  having  shown  that  the  resistance  opposed 
to  a  disc  revolving  in  water  increases  as  the  function 
av  +  6  r^  of  the  velocity  v,  we  may  assume  that  the 
height  due  to  the  resistance  of  friction  in  pipes  and 
rivers  is  also  of  this  form  ;  and  that 

(83.)  ht=  {av  +  h  v^)   -, 

and  consequently, 

(84.)     r  s  =  a  t?  +  6  ^)^  and  «;  =  I  y  +  j^  I  -^^. 

GiEARD  first  gave  values  to  the  coefficients  a  and  h. 
He  assumed  them  equal,  and  each  equal  to  -0003104 
for  measures  ia  metres,  and  thence  the  velocity  in 
canals, 
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(85.)        V  =  (3221-016  r  s  +  -25)*  -  -6  ;  * 

which  reduced  for  measures  in  English  feet  becomes 

(v=  (10567-^r  s  +  2-67)*  -  1-64,  or 
^     '^  Iv  =  103  s/  rs  -  1-64,  nearly. 

The  value  of  a  =  b  =  -0003104  was  obtained  by 
means  of  twelve  experiments  by  Du  Buat  and  Chezy. 
Of  course  the  value  is  four  times  this  in  the  original, 
as  the  mean  radius  is  used  in  all  the  formulae  instead 
of  the  diameter.  This  formula  is  only  suited  for  very 
small  velocities  in  canals,  between  locks,  containing 
aquatic  plants;  it  is  inapplicable  to  rivers  and 
channels  in  which  the  velocity  exceeds  an  inch  per 
second. 

Peony  found  from  thirty  experiments  on  canals, 
that  a  =  -000044450  and  b  =  -000309814,1  for  mea- 
sures in  metres,  from  which 

(87.)        V  =  (3232-96  r  s  +  -00516)^  -  -0719; 
this  reduced  for  measures  in  English  feet  is, 

=  (10607-02  r  s  +  -0556)*  -  -236;  or 
103  V  }■  s  —  -24  nearly : 
the  velocities  did  not  exceed  3  feet  per  second  in  the 
experiments  from  which  this  was  derived.     See  also 
note,  p.  192. 

For  pipes,  Prony  found,!  from  fifty-one  experiments 
made  by  Du  Buat,  Bossut,  and  Couplet,  with  pipes 
from  1  to  5  inches  in  diameter,  from  30  to  7,000  feet 
in  length,  and  one  pipe  19  inches  diameter  and  nearly 

*  See  Brewster's  Encyclopsedia,  Article  Hydrodynamics,  p.  259. 

t  Recherches  Physico-Math^maticiues  sur  la  Throne  des  Eaux 
Coarautes. 

t  Eecherches  Physico-MathSmatiques  sur  la  TWorie  du  Mouvement 
des  Eaux  Courantes,  1804. 
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TABLE  of  the  fifty-one  Experiments  referred  to  in  Equation  (89),  the 
value  of  g  in  the  sixth  being  taken  at  9 '8088  metres. 

It  will  be  perceived  that  Prony  did  not  take  Into  calculation,  in  framing  his 
formula,  the  head  due  to  the  velocity  in  the  pipe  and  to  the  orifice  of  entry. 


Names  of 
Experimenters. 

Heads 

lit 

a 

h 

n  \ 

^•1  ' 

.s 

Experimental 

values  of 

the  velocity  v 

in  metres. 

Calculated 

velocity  from 

formula  (89J  in 

metres. 

1 

Du  Buat 

0041 

0271 

19'95 

000314 

-0430 

-0427 

2 

Couplet 

1611 

1363 

2280^37 

000404 

0644 

•0691 

3 

Couplet 

3068 

13.i3 

2280  ^37 

000623 

0864 

■0921 

4 

Du  Buat 

013,5 

02707 

19-95 

000459 

0980 

•0926 

6 

Couplet 

4634 

1333 

2280-37 

000690 

1117 

•1263 

6 

Couplet 

6105 

1883 

2280  ^37 

000688 

1301 

■1330 

T 

Couplet 

6497 

1333 

2280  •S? 

000670 

1411 

-1433 

8 

Couplet 

6T67 

1S83 

2280-37 

000683 

1441 

•1467 

9 

Du  Bu&t 

0189 

0271 

3-75 

001426 

2352 

•2895 

10 

Du  Buat 

1187 

0271 

3-75 

001138 

2826 

-8088 

11 

Du  Buat 

1137 

0271 

3-76 

001309 

2888 

-3088 

12 

Bossut 

1083 

0271 

16-24 

001337 

3308 

-8359 

13 

Bossut 

3248 

0361 

68-47 

001446 

3400    . 

-3653 

14 

Du  Buat 

1605 

0271 

19-95 

001482 

3604 

•3713 

15 

Bossut 

3248 

0861 

48-76 

001549 

3807 

•3915 

16 

Du  Buat 

2106 

0271 

19-95 

001713 

4091 

-4287 

ir 

Bossut 

3248 

0361 

38-98 

001687 

4366 

•4402 

18 

Du  Buat 

2425 

0271 

19-95 

001830 

4408 

■4618 

19 

Bossut 

3248 

0644 

68-47 

001672 

4433 

■4416 

20 

Du  Buat 

2426 

0271 

19-96 

001793 

4600 

•4618 

21 

Bossut 

3248 

0544 

48-73 

001796 

4966 

•4860 

22 

Bossut 

6497 

0361 

68-47 

001922 

6115 

•5122 

23 

Bossut 

8248 

0361 

29-23 

001918 

6128 

•6122 

24 

Du  Buat 

3335 

0271 

19-96 

002060 

6411 

•6460 

25 

Bossut 

8248 

0544 

38-98 

001981 

6605 

-5458 

26 

Du  Buat 

3709 

0271 

19-95 

002174 

6676 

•5766 

27 

Bossut 

6497 

0361 

48-73 

002073 

6693 

■5634 

28 

Du  Buat 

3962 

0271 

19-95 

002223 

6916 

•5961 

29 

Bossut 

3248 

0271 

26-24 

002201 

6032 

•5990 

30 

Bossut 

3248 

0361 

19-49 

002333 

6323 

-6327 

31 

Bossut 

3248 

0644 

29-23 

002300 

6444 

•6344 

32 

Bossut 

6497 

0361 

38-98 

002267 

6498 

•6323 

33 

Bossut 

6497 

0644 

68-47 

-002214 

6696 

•6344 

34 

'  Bossut 

6497 

0544 

48-73 

002392 

7436 

•6972 

35 

Bossut 

6497 

0361 

29-23 

002688 

74 

•7343 

36 

Du  Buat 

6416 

0271 

19-95 

002750 

7761 

■7660 

37 

Bossut 

3248 

0644 

19-49 

002812 

7908 

■7823 

38 

Du  Buat 

1624 

0271 

3-76 

003620 

7943 

■8930 

39 

Bossut 

«497 

0544 

38-98 

002656 

8363 

■7819 

40 

Bossut 

3248 

0361 

9-74 

•003287 

8976 

•9048 

41 

Bossut 

65 

•0361 

19-49 

•003161 

9332 

•9048 

42 

Bossut 

65 

0544 

29-23 

•003062 

9681 

•9071 

43 

Couplet          3 
Bossut 

9274 

■4873 

1169-42 

•003785 

0600 

1-0592 

44 

3248 

•0644 

9-74 

004073 

0915 

1^1164 

45 

Bossut 

6497 

0644 

19-49 

003821 

1640 

1-1164 

46 

Bossut 

6497 

■0361 

9-74 

004491 

-3188 

1-2896 

47 

Du  Buat 

4873 

•0271 

3-17 

•006470 

6784 

1-7043 

48 

Du  Buat 

6671 

0271 

3-76 

■006307 

6919 

1-6898 

49 

Bossut 

6497 

0644 

9-74 

•005578 

5945 

1-6890 

50 

Du  Buat 

7219 

■0271 

3-17 

007838 

9301 

2-0798 

61 

Du  Buat 

9746 

0271 

3-17 

•008882 

2-2994 

2-4205 
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4,000  feet  long,  that  a  =  -00001733,  and  I  =  '0003483, 
from  which  values 

(89.)     V  =  (2871-09  rs  +  -0006192)*  -  '0249, 
for  measures  in  metres,  and  for  measures  in  English 
feet, 

Cv=  (9419-7£r  s  +  -00665)*  -  -0816 ;  or 
^     ■■'      1 1'  =  97  V  7-  s  —  -08  nearly. 

Prony  also  gives  the  following  formula  applicable  to 
pipes  and  rivers.  It  is  derived  from  fifty-one  selected 
experiments  with  pipes,  and  thirty-one  with  open 
channels  : 

(91.)     v  =  (3041-47  r  s  +  -0022065)*  -  -0469734,* 
for  measures  in  metres,  which,  reduced  for  measures 
in  English  feet,  is 

=  (9978-76  rs+  -02375)*  -  -15412  ;  or 
'  =  100  \/  r  s  —  -15  nearly. 
Eytelwein,  following  the  method  of  investigation 
pursued  previously  by  Prony,  found  from  a  large 
number  of  experiments,  a  =  -0000242651,  and  h  = 
"000365543  in  rivers,  for  measures  in  metres ;  and, 
therefore, 

(93.)        V  =  (2735-66  r  s  +  -001102)^  -  -0332.! 
This  reduced  for  measures  in  English  feet,  is 

*  Recherclies  Physico-Mathematiques  sur  ]a  Thfeorie  des  Eaux  Cou- 
rantes.  A  reduction  of  this  formula,  into  English  feet  is  given  at 
page  6,  Article  Hydrodynamics,  Encyclopaedia  Britannica  ;  at  page  164, 
Third  Report,  British  Association,  by  Eennie,  and  at  pages  427  and 
533,  Article  Hydrodynamics,  Brewster's  Encyclopsedia.    This  reduction 

»  =  —  0-1541  +  (-02375  +  32806-6  r  sf  is  entirely  incorrect ;  and 
being  the  same  in  each  of  those  works,  appears  to  have  been  copied 
one  from  the  other. 

t  M^moires  de  I'Acad^mie  de  Berlin,  1814  et  1815.  See  equation 
(110). 
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'v  =  (8975-43   r  s  +   -0118858)^  -  -1089 ;    or 
(94.)  -  ■^  =  9^'^  VrT  —  '11  nearly,  or 

V  =  Vl-T/r-  -11  =  1-3  V/^  -  -11 

when  /  is  the  fall  in  feet  per  mUe.     He  also  shows,* 

that  -^T-ths  of  a  mean  proportional  between  the  fall  in 

two  English  miles  and  the  hydraulic  mean  depth,  gives 

the  mean  velocity  very  nearly.     This  rule  for  measures 

in  iaches  is  equivalent  to 

(95.)  v  =  324  V77^ 

and  for  measures  in  feet 

(96.)  V  =  93-4  V7I 

For  the  velocity  of  water  in  pipes  he  found,  t  from 

the  fifty-one  experiments  of  Du  Buat,  Bossut,  and 

Couplet,  that  a  =  -0000223,  and  b  =  -0002803,  from 

which  for  measures  in  metres, 

(97.)         V  =  (3567-29  r  s  +  -00157)^  -  '0397 ; 
which  reduced  for  measures  in  English  feet  becomes 

s  +  -01698)^  -  -1303;  or 
•13  nearly. 

Another  formula  given  by  Eytelweia  for  pipes,  which 
includes  the  head  due  to  the  velocity  for  the  orifice  of 
entry,  is  reducible  to 

*  Handbuch  der  Mechanik  und  der  Hydraulik,  Berlin,  1801. 
t  Memoires  de  TAcad^mie  des  Sciences  de  Berlin,  1814  et  1815. 
Eytelwein's  formula  is  i;  =  90'8  V  r  «  for  Prussian  feet,  and  for  pipes 

^ = '■''  x/Wi-  ''■'  y^^  ■•  ""^^  <^'^"«^' 

afterwards  to  .  =  6-41  ^^^"^  =  47-9  ^  ^^  Tte  Prus- 
sian  foot  is  liere  equal  to  1-0297  English  feet. 


(v  =  (11703-95  r  s 
^^^•^  j^v  =  108  VVs  - 
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nearly,  in  which  h  is  the  head,  I  the  length,  and  d 
the  diameter  of  the  pipe,  all  expressed  in  Enghsh 
feet.  This  is  a  particular  value  of  equation  (74)  suited 
to  velocities  of  ahout  2|-  feet  per  second.  It  must  be 
here  mentioned,  that  much  of  the  valuable  information 
presented  by  Prony  and  Eytelwein  is  but  a  modifica- 
tion of  what  Du  Buat  had  previously  given,  and  to 
whom,  only,  for  much  that  is  attributed  to  the  two 
former,  we  are  primarily  indebted. 

In  the  foregoing  as  well  as  in  the  following  equa- 
tions for  the  velocity,  unless  otherwise  stated,  one 
class  of  standards  has  been  maintained.  It  is  evident, 
if  these  standards  be  changed  in  part,  or  in  whole,  that 
apparently  different  forms  of  the  equations  will  arise ; 
thus — if  for  s,  the  hydraulic  inclination,  we  substitute 

the  fall  m  in  feet  per  mile  is  then  used  in  place 

5280'  ^  ^ 

of  the  inclination  s ;  so  that  equation  (94),  for  instance, 

would  become 

V  =  (1-7  mr  +  -012)^  —  'll  =  (1-7  m  rf  —  "ll nearly, 
in  which  v  is  the  velocity,  in  feet  per  second,  m  the 
fall  in  feet  per  mile,  and  r  the  "  hydraulic  mean 
depth  "  in  feet.  In  like  manner  equation  (98)  would 
become 

V  =  (2-2  mr  +  '02)^  —  -13  =  (2-2  m  rf  —  -13. 
The  first  of  these  reductions,  viz. : — 

V  =  (1-7  mr  +  -0119)^  -  -109, 
is   given  in   a    book    of  tables   calculated  for  river 
channels  for  the   Commissioners  of  Public  Works, 
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Ireland,  tlie  original  equation  being  Eytelwein's,  and 
not  D'Aubuisson's,  wbo  merely  copied  it.  It  is  suited 
for  velocities  averaging  about  I'S  foot  per  second. 
Again 

Mr.  Hawksley,   by   changing  the   form  of  an  old 
result,  gives  for  pipes  the  formula 


=  -77 


cZh 


-1* 


.1+1-5  d- 

in  which  I  is  the  length  in  yards,  h  the  head  in  inches, 
d  the  diameter  in  inches,  and  v  the  velocity  in  yards 
per  second.  For  uniform  feet  measures,  for,  »,  d,  and 
H,  this  becomes 

V  =  48-045  I  — ^^^—  \  ^, 

which  is  only  an  alteration  in  form  of  Eytelwein's  equa- 
tion, note  to  (93).  Eytelwein's  equation  expressed  in 
the  measures  used  by  Mr.  Hawksley  would  be  very 
nearly 

.of      da 


"'-  nrrib)'' 


which  is  the  simpler  of  the  two ;  both,  however,  are 
but  particular  cases  of  the  general  equation  (74), 
and  only  suited  for  velocities  of  about  2J  feet  per 
second. 

De.  Thomas  Young*  also  derives  his  formula  from 
the  supposition,  that  the  head  due  to  the  resistance  of 
friction  assumes  the  form  of  equation  (83) ;  calling  the 
diameter  of  a  pipe  d,  he  takes 

hi  =  {av  +  b  1?)  —, 
d 

*  Philosophical  Transactions  for  1808.   Young  also  translated  Eytel- 
wein's Handbuch. 
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and  the   whole  height  -r  =  h,  +  — ^,  expressed  in 

586 

inches,  which  corresponds  with  a  coefficient  of  "871, 

nearly,  for  the  orifice  of  entry.     He  found  from  some 

experiments  of  his  own,  those  collected  by  Du  Budt, 

and  some  of  Gerstner's,  that 

(100.)    .= -0000002  {_^?22^ 

+^(xos..^-Lh-1^)J. 

and 

a0X.,.=  -0000C».{4.H-I|_^3-^}, 

then  as  —  =  '00171,  the  value  of  the  velocity  becomes 

586 

\^hl  +  -00341  d)  /  ~2  6J  +  -00341d 
When  the  length  I  of  the  pipe  is  very  great  com- 
pared with  the  head  due  to  the  orifice  of  entrance  and 
velocity,  -00171  i?,  then 

TT 

or  by  substituting  for  —  its  value  s,  equal  the  sine  of 

the  inclination, 

(104.)  .=   fi^+4  \'_±. 

^        '  I    6       46M       26 

The  values  of  a  and  h  are  for  measures  in  inches. 

For  most  rivers  he  finds  for  French  inch  measures, 

«^  =  V  20000  d  s,  in  which  d  must  be  taken  equal  4:  r ; 

this  reduced  for  English  inches  is 
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(105.)  V  -  292  s/TTl 

which  again  reduced  for  feet  measures,  becomes 

(106.)  V  =  84-3  s/V7; 

These  latter  values,  for  rivers,  are  even  smaller  than 
those  found  from  Du  Buat's  formula;  less  than  the 
observed  velocities,  and  less  than  those  found  from  any 
other  formula,  with,  the  exception  of  Girard's.  The 
values  of  the  coefficients  a  and  b  vary  in  this  formula 
with  the  value  oi  d  =  4r;  they  are  expressed  generally 
in  equations  (101)  and  (102),  from  which  the  preceding 
table  for  different  values  of  d  and  r  has  been  calculated. 
An  examination  of  this  table  will  show  that  a 
obtaius  a  minimum  value  when  d  is  between  10  and 
1 1  inches ;  and  b  when  the  diameter  is  between  j  and 
f  of  an  inch.     Now,  it  appears  from  equation  (102), 

that  V  increases  with     / ^d  nearly,   or,  which  is  the 
V    bl 

same  thing,  as  b  decreases,  there  must,  cceteris  paribus, 
be  a  maximum  value  of  v  for  a  given  value  of  - 

or  r  s,  when  d  is  between  i-  and  i  inch :  but  as     ^ 

26 

has   a   minimum  value   when  d  is  nearly   12  inches, 

the  maximum  value  of  v  referred  to   will   be  foimd 

between  values  of  d  from  f  inch  to   12   inches  ;  in 

fact,     when     d   =   10    inches    nearly.      A    similar 

peculiarity  has    abeady   been    pointed    out    in    Du 

Buat's  general  theorem,  at  page  213.     It  will  not  be 

necessary  to  take  out  the  values  of  -—■  and  ~  to  more 

2  0         4  &^ 

than  one  place  of  decimals. 
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The  values  of  ~  are  also  given  in  the  table,  and 

may  be  used  in  equation  (104)  for  finding  the  discharge 
from  long  pipes.  It  is,  however,  necessary  to  remark, 
that  this  equation  is  sometimes  misapplied  in  finding 
the  velocity  from  short  pipes,  and  those  of  moderate 
lengths.  It  is  necessary  to  use  equation  (102),  which 
takes  into  consideration  the  head  due  to  the  velocity 
and  orifice  of  entry  for  such  pipes. 

For  a  pipe  11  inches  in  diameter,  the  expression  for 
the  velocity,  equation  (104),  becomes  for  inch  measures, 

and  for  feet  measures,  also  substituting  4  r  for  d, 

^'''^■^    ^  =  {otO2}'--^  =  10«  (-)*-•! 
very  nearly.     For  a  pipe  '7  inch  in  diameter  would  be 
found  in  a  like  manner  for  feet  measures, 
(106b.)  V  =  118  (r  s)*  -  -5, 

which  is  only  suitable  for  very  high  velocities. 

Sir  John  Leslie  states,*  that  the  mean  velocity  of 
a  river  in  miles  per  hour,  is  -H-ths  of  the  mean  propor- 
tional between  the  hydraulic  mean  depth  and  the  fall 
in  two  miles  in  feet.  This  rule  is  equivalent,  for 
measures  in  feet,  to 
(107.)  »  =  100  y/TT; 

and  is  appHcable  to  rivers  with  velocities  of  about  2^ 
feet  per  second. 

D'AuBuissoN,  from  an  examination  of  the  results 
obtained  by  Prony  and  Eytelwein,  assumes  t  for  mea- 

*  Natural  Philosophy,  p.  423. 
t  Traits  d'Hydraulique,  p.  224. 
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sures  in  metres  that  a  =  -0000189,  and  b  =  '0003425 
for  pipes,  substituting  these  in  equation  (84)  and 
resolving  the  quadratic 

(108.)     V  =  (2919-71  rs  +  -00074)*  -  -027 ; 

which  reduced  for  measures  in  English  feet  becomes 

(109  )     (  "  ^  (9579^  +  -00813)*  -  -0902,  or 

\v  =  98  Vrs  —  -1  nearly. 
For  rivers  he  assumes  with  Eytelwein,*  a  ='000024123 
and  b  =  -0008655,  for  measures  in  metres,  and  hence 

(110.)      V  =  (2735-98  r  s  +  -0011)*  -  -033 ; 
which  for  measures  in  English  feet  is 

(111  )      [  ^  ~  (8976-5  r  s  +  -012)*  -  -109,  or 

\v  =  94'5  Vn  —  '11  nearly. 
When  the  velocity  exceeds  two  feet  per  second,  he  as- 
sumes, from  the  experiments  of  Couplet,  «  =  0,  and 
b  =  '00035875 ;  these  values  give 
(112.)  V  =  V  2787-46  r  s, 

for  measures  in  metres,  and 
(113.)  »  =  95-6  VTs  =  V  9145  r  s 

for  measures  in  English  feet.  Equations  (110)  and 
(111)  are  the  same  as  (93)  and  (94),  found  from  Eytel- 
wein's  values  of  a  and  b,  and  it  may  be  remarked  that 
D'Aubuisson's  equations  for  the  velocity  generally,  are 
simply  those  of  Prony  and  Eytelwein. 

The  values  which  are  found  to  agree  best  with  the 
general  run  of  experiments  on  clear  straight  rivers  of 
uniform  section  are  a  =  '0000035,  and  b  =  '0001150 
for  measures  in  English  feet,  from  which  we  find 

ai4  )     I  ^  =  (8695;6j;  s  =  '00023)*  -  '0152,  or 
^       •''     U  =  93  V  r  s  -  -02, 

*  Traits  d'Hydraulique,  p.  133.     See  Equation  (93). 
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which  for  an  average  velocity  of  1 J  foot  per  second  will 
give  V  =:  92'3  V  r  s  nearly,  and  for  larger  velocities 
V  =  93'3  V  r  s;  for  smaller  velocities  than  1^  foot  per 
second,  the  coefficients  of  V  r  s  decrease  pretty  rapidly. 
This  formula  will  be  found  to  agree  more  accurately 
with  observation  and  experiment  than  any  other  of  this 
form.* 

Weisbach  is  perhaps  the  only  writer  who  has  modi- 
fied the  form  of  the  equation  rs  =  av+bi^.  In 
Dr.  Young's  formula,  a  and  b  vary  with  r,  but  Weisbach 

assumes  that /t(  =  I  a  +  -^  |  -  X  - — ,  and    finds    from 
V         vv  a       2  g 

the  fifty-one  experiments  of  Couplet,  Bossut,  and  Du 

Buat,  before  referred  to,  one  experiment  by  Guemard, 

and  eleven  by  himself,  all  with  pipes  varying  from  an 

inch  to  five  and  a  half  inches  in  diameter,  and  with 

velocities  varying  from  1^  inch  to  15  feet  per  second, 

that  a  =  -01439,  and  b  =  '0094711  for  measures  in 

metres  ;  hence  for  the  metrical  standard 

This  reduced  for  the  mean  radius  r  is 

(116.)  ,,  =  (.003597+— )ix,^. 

*  In  a  stream  (the  Muddock),  with  a  curved  channel,  jagged  and 
irregular  hanks,  variahle  -depths  averaging  ahout  1  foot,  aquatic  plants 
growing  on  the  bed,  varying  velocity,  and  an  average  cross  section  of 
ahout  16-50  feet,  the  flow  was  only  18  cubic  feet  per  second,  the  for- 
mula giving  35  cubic  feet.  In  such  cases  the  application  of  a  formula 
investigated  for  a  uniform  channel  and  a  uniform  slope  is  inadmissible  ; 
yet  we  have  heard  evidence  in  the  Four  Courts,  Dublin,  founded  on 
such  mistaken  applications.     See  note,  p.  192. 

Q  2 
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from  which  for  measures  in  English  feet 

(117.)  K  =  (-003597  +  •^^)  I  X  f^, 

and  thence 

(118.)  r.  =  (-003597 +  :004^\^. 

and  hy  substitutiag  fqr  2  g,  its  value  64-403, 
(119.)  r  s  =  (-00005585  +  :00006659y_ 

In  equation  (117),  (-003597  +  :22i|§§Z\  =:  c,  is  the 

coef&cient  of  the  head  due  to  friction.  The  equation 
does  not  admit  of  a  direct  solution,  hut  the  coefficient 
should  be  first  determined  for  different  values  of  the 
velocity  v  and  tabulated,  after  which  the  true  value  of 
v  can  be  determined  by  finding  an  approximate  value, 
and  thence  taking  out  the  corresponding  coefficient 
from  the  table,  which  does  not  vary  to  any  considerable 
extent  for  small  changes  of  velocity.  In  the  following 
small  table  the  author  has  calculated  the  coefficients  of 
friction,  and  also  those  of  t^,  in  equation  (119),  for 
different  values  of  the  velocity  v. 
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TABLE  OP  THE  COEFFICIENTS  OF  FEIOTION  IN  PIPES. 


«f 

64^4 

64-4 

2L- 

% 

64^4 

64-4 

i 

■1 

•017109 

■0002664 

3078  07 

6fi-5 

2-4 

■006365 

•0000988 

10121-6 

100-6 

■2 

•0131S6 

•0002047 

4885  ^2 

69-9 

2-5 

•006309 

•0000979 

10214-5 

101 '0 

■3 

■01U27 

•0001774 

6636  9 

76-08 

2-6 

•006257 

■0000972 

10288-1 

101-4 

■4 

•010378 

•0001611 

6270-3 

78-8 

2-7 

-006207 

■0000964 

10373-4 

101-8 

■5 

•009662 

•0001500 

6666  6 

81-6 

2-8 

-006160 

■0000956 

10460-2 

102-2 

•6 

•009133 

•0001418 

7062 -2 

84-0 

2-9 

-006115 

■0000949 

10637-4 

102-6 

■7 

•008723 

•0001364 

7386  •S 

85  •O 

8- 

■006073 

-0000943 

10604-4 

102-9 

•8 

•008391 

•0001303 

7674-6 

87-6 

is 

■006890 

-0000914 

10940  9 

104-6 

•9 

•008117 

•0001260 

7936-6 

891 

i- 

■006741 

-0000891 

11223-3 

105-9 

1-0 

•007886 

•0001224 

8169-2 

90  4 

5- 

■005514 

-0000856 

116S2-2 

108-0 

11 

•007686 

•0001193 

8382-2 

91-5 

6- 

•005348 

-0000830 

12048-2 

109  7 

1-2 

•007612 

•0001166 

8576-3 

92^6 

7- 

•006218 

•0000810 

12345-6 

111-1 

1-25 

•007433 

•0001164 

86e5-5 

93-1 

s- 

•005113 

-0000794 

12632-2 

112-4 

1-3 

■007358 

•0001142 

8756-5 

93  ^6 

9- 

■006026 

-0000780 

12820-5 

113-3 

1-4 

•007221 

•0001121 

8920-6 

94-4 

10  • 

■004963 

-0000769 

13003-9 

114-0 

1-5 

•007098 

•0001102 

9074-4 

95^2 

15  • 

■004704 

■0000730 

13698-6 

1170 

1-6 

•006987 

•0001086 

9216-5 

96  ■O 

16^ 

■004669 

•0000725 

13793-1 

117-4 

1-7 

•006886 

■0001069 

9364^6 

96^7 

20  • 

•004656 

•0000707 

14144-2 

118-0 

1-75 

•006839 

•0001062 

9416^2 

97  •03 

26- 

•004466 

•0000691 

14471-7 

120-3 

1-8 

•006794 

•0001064 

9487-6 

97^4 

30^ 

•004380 

•0000680 

14706-9 

121-2 

1-9 

•006715 

•0001042 

9596-9 

97^9 

35  • 

■004322 

•0000871 

14903-1 

122-0 

2- 

'006629 

•0001029 

9718-2 

98  ^6 

40- 

•004275 

-0000664 

16060-2 

122-7 

2-1 

•006566 

•0001018 

9823-2 

99-1 

45  • 

•004236 

-0000658 

15197-5 

123-3 

2-2 

•006488 

■0001007 

9930-5 

99^6 

50  • 

■004203 

-0000663 

15313-8 

123^7 

2-3 

•006424 

•0000997 

10003- 

100  • 

100  • 

■004200 

■0000625 

16000 -0 

126^4 

64*4 
If  the  value  of here  found,  be  substituted  in  the 

equation  v  ^     /  r  s,  -we  shall  have  the  value  of 

V.  According  to  this  table  the  coefficient  of  friction 
for  a  velocity  of  six  inches  is  more  than  twice  that  for 
a  velocity  of  twenty  feet,  and  the  velocity  is  less  in  the 

proportion  of  81-6  to  118-9,  or  of  81-6  (r  s)*  to  118-9 

(r  s)  .  On  comparing  these  coefficients  and  those  for 
pipes  in  the  preceding  formulae,  with  those  for  rivers 
of  the  same  hydraulic  depth,  it  will  be  perceived  that 
the  loss  from  friction  is  greatest  in  the  latter,  as  might 
have  been  anticipated ;  but  this  evidently  arises  from 
lesser  velocities. 
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It  has  been  remarked  that  the  coefficient  of  friction 
decreases  as  the  velocity  increases.  The  only  general 
formula  which  properly  meets  this  defect  in  the  com- 
mon formulae  is  Weisbach's,  but  it  does  not  give  the 
velocity  v  directly,  as  this  quantity  is  involved  in  both 
sides  of  his  equation.  As  for  several  hydraulic  works 
it  is  necessary  to  convey  water  through  pipes  to  work 
machines  under  high  heads,  and  for  which  the  common 
formula  would  give  results  considerably  under  the  true 
ones,  it  appeared  to  the  author  desirable  to  obtain  some 
simple  expression  for  the  velocity  which  might  be  easily 
remembered  and  applied,  which  would  be  equally  cor- 
rect with  other  formulse  for  medium  velocities  of  from 
one  to  two  and  a  half  feet,  and  which  at  the  same  time 
woiild  give  practically  correct  results  for  lesSer  and 
greater  velocities  within  the  limits  of  experiment.  By 
reducing  the  velocity  foimd  from  experiment  to  the 
form  V  =^  m  \/  r  s  for  every  case,  and  afterwards  ap- 
plying a  correction  of  the  form  n  \/  r  s  to  meet  the 
increasing  value  of  m  as  tJ  increased,  the  following  ex- 
pression was  discovered : — 

(119  a)  V  -  140  {rsf  -  11  {rsf 

which  gives  results  not  differing  more  from  experiments 
than  these  frequently  do  from  each  other.  The  follow- 
ing table  exhibits  the  velocities  compared  with  those 
obtained  from  the  experiments  made  by  Du  Buat, 
Couplet,  "Watt,  Mr.  Provis,  and  Mr.  Leslie,  in  the 
Minutes  of  the  Institution  of  Civil  Engineers  for  Feb- 
ruary 1855.  The  last  experiment  was  furnished  by 
Mr.  Hodson  of  Lincoln.  Numbers  34  and  35  were 
made  as  stated,  and  give  the  mean  results  of  several 
experiments  made  with  great  care ;    the  coefficient  of 
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TABLE  shoroing  the  Experimental  Results  of  observed  Velocities  in  Wetter 
Olmnnels,  with  the  Avihofs  general  formula  for  Pipes  and  Rwers  (119  a)  im. 

i)=140(rs)i-ll(rs)*.* 


o 

Heads' 
in 

Lengths 

Values 

Values 

Values 

III 

Experimen- 

1 

feet  (h). 

in  feet  (J). 

of  J*. 

of  s. 

ofrs. 

ter's  Names. 

■08333 

1086- 

•062083 

-000076 

00000S96 

-100 

■105 

62-6 -v/rJ 

Mr.  LesUe 

2 

■01332 

66-37 

•022204 

-000196 

-00000434 

-140 

-113 

64-0    „ 

Couplet 

3 

•14683 

1086- 

•062083 

-000138 

00000693 

-118 

-157 

60-0    „ 

Mr.  Leslie 

4 

•49586 

7482- 

•111000 

■000066 

00000134 

-178 

-167 

61-5     „ 

Douplet 

5 

■20833 

1086- 

•062083 

•000190 

00000989 

-217 

-206 

66  0    „ 

Mr.  Leslie 

6 

■45833 

1086- 

•062083 

•000417 

-00002170 

■361 

-345 

74-1     „ 

jj 

7 

1  •48768 

7482  • 

•111000 

•000198 

-00002220 

-366 

•348 

74-1     „ 

l^ouplet 

8 

1^44800 

1086  • 

•052083 

•001321 

•0000688 

-715 

-711 

86-7    „ 

Mr.  Leslie 

9 

2-78125 

1086  • 

•062083 

•002538 

•0001322 

1-085 

1-060 

91-3    „ 

10 

2^427200 

•000063 

-0001632 

1-166 

1^143 

92-4    „ 

Watt' 

11 

■60000 

loo" 

•031250 

•004741 

-00014S2 

1-023 

1122 

92-2    „ 

Mr.  ProTis 

12 

2  •78125 

1086  • 

•052083 

•004348 

■0002265 

1-461 

1^438 

96-5    „ 

Mr.  Leslie 

13 

4-76042 

1086- 

•062083 

•006410 

-0003340 

1-726 

1-796 

98-3    „ 

jj 

14 

1  •06680 

127-9 

■044630 

•007748 

-0003458 

1-839 

1-840 

98-9    „ 

Bossut 

15 

•60000 

40- 

•031250 

•010810 

-0003378 

1-711 

1-816 

98-7    „ 

Mr.  Provis 

16 

1-06580 

95-92 

■044630 

•010060 

-0004485 

2-111 

2-124 

100-3    „ 

Bossut 

17 

1^5 

100- 

-031250 

•014156 

•0004422 

2-006 

2-103 

100-5    „ 

Mr.  Provis 

18 

9^9896 

1086- 

•052083 

■009174 

-0004779 

2-096 

2-185 

100-6     „ 

Mr.  Leslie 

19 

•8575 

40- 

•031260 

-018042 

-0006638 

2-380 

2-414 

101-7    „ 

Mr.  ProTis 

20 

2-1316 

191-9 

-044630 

-010648 

■0004708 

2-463 

2  183 

100-6    „ 

Bossut 

21 

2-1316 

159-9 

•044630 

•012524 

■0006689 

2-440 

2^404 

101-7     „ 

it 

22 

-062083 

•014286 

-0007440 

2-800 

2-823 

103-5     „ 

Mr.  Leslie 

23 

2-1816 

127-9 

•044630 

•016360 

-0006861 

2-744 

2-696 

103-0    „ 

Bossut 

24 

-044630 

-027921 

■0012466 

3-819 

3-760 

106-5    „ 

)»   , 

25 

" 

-052083 

-026000 

■0013021 

3-783 

3-852 

106-7     „ 

Mr.  LesUe 

26 

3-27416 

40" 

■081260 

-018040 

•002093 

6^064 

5-006 

109-3    „ 

Mr.  Provis 

27 

2-3684 

10-39155 

■022204 

-133689 

■0029679 

6  322 

6-048 

lU-O    „ 

DuBuat 

28 

8-27416 

20- 

-031250 

-111200 

■0034750 

6-723 

6-672 

111-6     „ 

Mr.  Provis 

29 

3-4526 

20-    . 

■031250 

-113900 

■0035694 

7-086 

6-668 

111-9    „ 

«        V  . 

30 

7-135 

62-8822 

-029605 

■098861 

■0029268 

6-167 

5-999 

110-9     ,. 

Couplet 

31 

14-270 

125-7644 

■029605 

-106151 

•0031426 

6-151 

6-239 

111-3    „ 

„ 

32 

21-405 

188-6466 

■029606 

-108579 

•00321466 

6-145 

6-316 

111-*    „ 

„ 

33 

3-1974 

10-39155 

-022204 

-176991 

•0039292 

7-644 

7-0?9 

112-3    „ 

DuBuat 

34 

11-125 

9-292 

-021250 

-713000 

■01615125 

14-588 

14-613 

117-9    „ 

Mr.  Neville 

35 

20-8 

19-2 

-021250 

-814000 

•01729750 

15-667 

16-617 

118-4    „ 

,, 

36 

150- 

100- 

■020833 

1-400000 

-0291667 

21-7 

20-6 

120-3  Vr; 

Mr.  Hodson 

*  The  form  in  which  this  formula  was  first  found  was  as  follows  : — 

■y=}l40 /     vif    ^  \  r  s.     For  measures  in  metres  it  becomes 

77-3  (rs)*— 4-9(rs)*. 
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the  orifice  of  entry  was  found  to  be  "860.*  The  mea- 
sures have  been  all  reduced  to  English  feet.  The 
results  found  by  the  same  experimenters,  at  the  same 
time,  with  the  same  apparatus,  sometimes  differ  by 
three  or  four  per  cent.,  as  may  be  seen  by  referring  to 
Mr.  Provis'  experiments  (Transactions  of  the  Institu- 
tion of  Civil  Engineers,  vol.  ii.,  p.  203),  and  the  differ- 
ence in  the  experiments  shown  in  the  table  are  apparent.  / 
The  difference  in  the  velocities  found  from  the  experi-' 
ments,  do  not  exceed  those  inseparable  from  practical 
investigations,  and  they  differ  as  much  in  themselves 
as  from  the  formula,  which  for  cyhndrical  pipes  of 
diameter  d  may  be  thus  expressed, 

nio    ^         f»  =  70(ds)*-6-93(ds)*  or 
iv  —  10{dsy  -1  {d  sf  nearly. 
The  expression  fails  when  70  {d  sy  is  equal  to  or 

less  than  6'93  {d  s)*,  but  as  this  only  happens  when 

(11  V 
-—  1  =  "000000235,  and  for  velocities  below  one 

inch  per  second,  its  practical  value  is  not  thereby  af- 
fected. The  expression  of  Du  Buat  fails  with  a  tube 
of  one  twenty-fifth  part  of  an  inch  in  diameter,  no 
matter  what  the  head  may  be,  as  it  then  makes  the 
velocity  equal  to  nothing,  although  some  of  the  experi- 
ments from  which  it  was  derived  were  made  with  tubes 
but  the  eighteenth  part  of  an  inch  diameter.  The  fol- 
lowing expression  is  free  from  this  defect : 

(119  c.)  V  =  m  (rs)*  -f  120  {rsf, 

*  The  coefficient  for  the  orifice  of  entry  was  found  by  cutting  off  the 
pipe  at  two  diameters  from  the  cistern  at  the  conclusion  of  the  experi- 
Tients,  and  finding  the  time  of  emptying.     Vide  p.  172. 
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and  will  give  results  approximating  very  closely  to 
those  found  from  Du  Bust's  formula,  and,  therefore, 
with  those  experiments  with  which  it  most  nearly 
coincides,  but  agreeing  much  more  closely  with  Watt's 
and  other  experiments,  on  rivers.  It  gives  higher 
results  than  the  previous  formula  for  velocities  below 
six  inches,  but  the  results  found  by  different  experi- 
menters differ  very  much  in  those.  For  higher  velo- 
cities it  appears  to  differ  occasionally  only  about  one- 
twentieth  from  observation,  being  in  general  less,  as 
far  as  twenty  feet  per  second,  where  it  coiucides  very 
closely  with  Mr.  Hodson's  experiment.  As  the  errors 
appear  to  be  of  an  opposite  kind  generally,  in  the  two 
last  expressions,  combining  them  is  found 

(119  D.)  V  =  100  {rs)^  +  60  (rs)^  -  5-5  (rs)^, 
an  expression  which,  however,  wants  simplicity  for 
'  ready  practical  application.  When  the  length  of  the 
pipe  does  not  exceed  from  1000  to  2000  diameters,  a 
correction  is  due  to  the  velocity  in  it,  and  to  the  orifice 
of  entry  before  finding  the  "hydraulic  inclination"  (s). 
The  coefficient  used  in  reducing  the  foregoing  experi- 
ments for  the  orifice  of  entry  was  '815,  which  gives 

1-508    -—  for  the  height  due  to  the  joint  effects  of 

velocity  and  orifice.  This  must  be  deducted  from  the 
head  (h)  before  dividing  it  by  the  length  (Z)  to  find  the 
inclination  (s)  in  our  table. 

The   following  table,  calculated  from  the  formula 

(119  a),  V  =  140  (rs)^  —  11  (rs)i,  gives  the  corres- 
ponding values  of  r  s  and  v,  so  that  when  one  is  known 
the  other  is  immediately  found  from  inspection.  Thus, 
ifr  s  =  •03125,  then  we  shall  have 
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TABLE  for  finding  the  Velocity  in  feet  per  second,  from  the  product  of 
the  hydraulic  mean  depths  and  hydraulic  inclinations,  and  the  reverse 

calculated  from  the  Author's  formula  V  =  liO  (rs)*  — 11  (»■»)%  in 
which  r,  s,  and  v  are  feet  measures. 


Values  of  V 

elo-   V 

alues  of 

Velo-   V 

allies  of 

Velo-   V 

allies  of 

Velo- 

rs.        ci 

tyi). 

rs. 

city  V. 

rs. 

city  V. 

rs. 

city!?. 

•00000296 

083 

0001302 

1^04 

000689 

2-n 

003559 

6^67 

■00000332 

091 

0001322 

1^05 

000710 

i-15 

003599 

6-n 

•00000395 

104 

0001420 

1^09 

000744 

i-S3 

003630 

e-n 

•00000427 

HI 

0001482 

1^12 

000768 

2^85 

003788 

6  •go 

•00000543 

133 

0001632 

1^14 

000789 

2-91 

003929 

7^04 

•00000592 

142 

0001578 

1^16 

000805 

2^94 

003946 

7^05 

•00000690 

158 

0001610 

1^17 

000833 

$•00 

003977 

7^08 

•00000734 

167 

0001657 

1^19 

000852 

3  04 

004104 

7^20 

•00000947 

198 

0001736 

1^31 

000900 

313 

004167 

7-27 

•00000989 

206 

0001776 

1^24 

000947 

3^22 

004366 

7^44 

•00001184 

231 

0001816 

126 

001042 

3^40 

004646 

7^62 

•0000126B 

241 

0001894 

1-30 

001105 

3^51 

004630 

7^69 

•00001420 

261 

0002052 

1^35 

001136 

3^57 

004735 

V78 

•00001578 

280 

0002131 

1^38 

001231 

3^73 

005566 

8^49 

•00001677 

292 

0002265 

1^43 

001246 

3^76 

006944 

9^61 

•00001894 

316 

0002367 

1^47 

001263 

3^78 

007576 

WO 

•00001973 

325 

0002552 

1^50 

001302 

3^85 

008333 

10^5 

•00002170 

345 

0002604 

1^55 

001326 

3^89 

009259 

11  •! 

•00002367 

365 

0002652 

vm 

001420 

4^04 

010417 

11^8 

•00002665 

385 

0002778 

161 

001615 

4^18 

011906 

12  •! 

•00002841 

411 

0002841 

1^63 

001576 

4^28 

013889 

13^8 

•00003255 

448 

0003030 

1^69 

001610 

4^32 

016161 

14^5 

•00003354 

457 

0003157 

1^73 

001667 

4^41 

016667 

15  ■S 

•00003651 

473 

0003220 

1^75 

001705 

i-ie 

017297 

16^6 

•00003748 

489 

0003314 

1^79 

001735 

4^61 

020833 

17^1 

•00003946 

605 

0003378 

1^80 

001799 

4^60 

027778 

20-2 

•00004143 

521 

0003409 

1-81 

001894 

4^73 

029167 

20-6 

•00004340 

536 

0003551 

1^85 

001989 

4-87 

041666 

24^7 

•00004632 

658 

0003630 

1^89 

002052 

4^94 

055566 

28  •$ 

•00005130 

694 

0003706 

1^90 

002083 

4-98 

062500 

30-6 

•00005327 

608 

0003788 

1^92 

002093 

5^00 

072916 

33-2 

•00006524 

622 

0003946 

198 

002178 

6^10 

083333 

356 

•00005919 

648 

0004022 

1^10 

002210 

5-14 

104167 

40^0 

•00006314 

674 

0004103 

2^02 

002273 

5^22 

125 

43  •g 

•00006708 

699 

0004261 

2^06 

002375 

6  •35 

145683 

47-6 

■0000688 

711 

0004419 

2^10 

002462 

6  •46 

166667 

51-1 

•00007102 

724 

0004485 

2^12 

002533 

663 

208333 

67-3 

•00007694 

760 

0004548 

2^i4 

002652 

5^68 

229167 

60-2 

•00008049 

781 

0004708 

2^18 

002683 

5^72 

250000 

63  •O 

•00008523 

808 

0004736 

2-18 

002841 

6^90 

270833 

66  •r 

■000086S1 

828 

0004893 

2^23 

002968 

6^05 

312600 

70^r 

■00009270 

849 

0006051 

2-27 

002999 

6  08 

333333 

73^2 

^00009470 

861 

0005208 

2^31 

003030 

6^U 

364167 

75  •S 

■00010259 

908 

0005303 

2  33 

003143 

6^23 

375000 

Tfr 

•00010654 

923 

0005638 

2  41 

003167 

6-25 

396833 

80^0 

•00011048 

945 

0006061 

2^52 

003214 

6  31 

416667 

82  •! 

•00011364 

960 

0006165 

2-54 

003220 

6^32 

437600 

84-2 

•00011837 

983 

0C06313 

2^67 

003314 

6^42 

45833S 

86  ^2 

•00012232   1 

00 

0006440 

2  60 

008409 

6  51 

479166 

88  •S 

•00012627   1 

02 

0006629 

2  64 

003475 

6^58 

500000 

90^2 
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V  ==  20-6      when      rs  —  -029167 

V  —  24-7      when      r  s  =  -041666 


Difference    4-1   corresponds  to  -012499 
•03125 
-02917 


Difference  -00208 
Whence  -0125  :  4-1  :  :  -00208  :  "7  nearly,  and  20-6 
+  7  =  21-3  is  the  velocity  sought ;  the  same  practi- 
cally as  found  in  Example  26,  p.  24.  If  allowance  is 
to  be  made  for  the  head  due  to  the  orifice  of  entry  and 
velocity,  this  head  can  be  determined  from  the  velocity 
due  to  the  value  of  r  s  in  the  table  next  less  than  the 
given  value  with  sufficient  accuracy.  In  this  case,  this 
velocity  is  20-6  feet  per  second  =  247  inches  nearly. 
If  the  orifice  of  entry  be  square,  the  coefficient  is  -815, 
and  the  head  due  to  the  velocity  and  this  coefficient  is, 
Table  II.,  10  feet  nearly.  If  r  be  known  separately, 
and  also  s,  as  well  as  the  head  h,  and  the  length  of  the 
pipe  I,  at  first 

^  =  s,  and,  therefore, = —  =  -  =r  s. 

In  Example  26,  p.  24,  h  =  150,  and  I  =  100  feet, 

h       140  . 
therefore,  the  ne,w  value  of  -  =  -^  is  1-4  ;  and  as  r 

must  be  equal  -020833,  rs  =  '02917 :  the  value  cor- 
responding to  which,  in  the  table,  is  20*6,  the  velocity 
when  allowance  is  made  for  the  head  due  to  the  velocity 
and  orifice  of  entry. 

In  general,  by  taking  the  value  of  v  for  the  next 
less  value  of  r  s  in  the  table,  the  velocity  will  be  found 
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with  sufficient  accuracy,  and  also  the  value  of  r  s  from 

that  of  V  by  taking  it  as  the  next  greater.      If  r  s 

—  -0008523,  the  table  would  give  v  =  3-04  feet,  the 

same  practically  as  alrea,dy  found  in   Example  27, 

p.  25. 

The  value  of  r  s,  when  known,  determines  and  fixes 

the  value  of  v.     If  r  be  assumed  of  any  convenient 

dimensions,  s  is  then  determined ;  and,  in  Kke  manner, 

any  suitable  value  of  s  determines  r ;  thus : 

r  s  r  s 

—  =  s,  and  —  =  r. 

r         '  s 

It  is  weU  to  remark,  here  again,  that  for  pipes  the 
value  of  r  is  the  fourth  part  of  the  diameter  d,  and 
that 

r  =  -J,  and  4  r  =  c?. 

M.  DARCYin  1857,  inspecteur  des  ponts  et  chaussees, 
published  his  "Eecherches  experimentales  relatives  au 
Mouvement  de  I'Eau  dans  les  Tuyaux,"*  the  result  of 
198  experiments,  in  which  the  velocities  varied  from 
•03  to  5  or  6  metres  per  second,  or  from  l-i-  inch  to  16 
or  19  feet,  and  with  pipes  varying  from  J  inch  to  20 
inches  diameter.  The  formula  by  which  he  presents 
the  results  is,  in  metres, 

(a.)  hj  —  hi  uS 

in  which  r  is  the  radius  of  the  pipe,  j  the  hydraulic 
inclination,  bi  a  variable  coefficient  dependent  on  the 
circumstances,  and  u  the  velocity  per  second.  For 
wrought  and  cast  iron  pipes  of  the  same  state  of  bore, 

♦  Mgmoires  pr^sent6s  par  divers  savants  ii  TAcad^mie  des  Sciences 
de  rinatitut  imperial  de  France,  tome  XV.,  Paris,  1858. 
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the  value  of  fci  is    expressed   by  M.  Darcy,  by  the 
equation 

•00000647 


(&.) 


61  =  -000507  + 


the  agreement  between  which  and  experiment  is  shown 
in  the  following  table. 


Diameters 

Diameters 
in  metres. 

Value  of  &i 

Value  of  6, 

in  English 

from  ex- 

by the 

Remarks. 

inches. 

periments. 

formula. 

■5 

•0122 

•001673 

•001568 

1- 

■0266 

•000918 

•000993 

1-5 

■0395 

•000785 

•000835 

3-2 

■0819 

•000695 

•000665 

5-4 

•1370 

•000553 

•000601 

Well  polished  bore. 

7-4 

■1880 

•000584 

•000576 

11-7 

■2970 

•000612 

•000551- 

Pipe  already  in  use, 
but  the  bore  cleaned. 

19-7 

■5000 

•000509 

•000532 

For  iron  coated  with  bitumen,  the  value  of  Ji  in  a 
pipe  'IQe  metres  in  diameter  was  •0004334;  for  a 
newly  cast  pipe  of  -IBS  metres,  61  was  "000584 ;  and 
for  a  pipe  '2432  metres  in  diameter,  61  was  •001168 ; 
the  relative  proportions  of  hi  in  these  three  instances, 
being  as 

1-1  to  1^5  and  to  8  ; 
and,  therefore,  the  velocities,  or  discharges,  would  be 
inversely  as  the  square  roots  of  these,  or  as 

■95  to  -82  and  to  '58. 
By  substituting  the  notation  used  in  this  work  for  that 
of  M.  Darcy,  then  for  measures  in  metres,  from  equa- 
tions {a)  and  (&), 

6,  f  -0000016175  ■)    „ 


"=!"■={ 


0002535  + 
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which  for  feet  measures  becomes  (as  1  metre  =;  3  "281 
feet) 

f  .nnnoKQK  _l  3-281  X  -0000016175  1  v^ 

=  i  0002535+ I  ^W^i- 


rs 
hence 


r  s 


,2  _  .p...„-..    .     00000162 


v^  —  -00007726  + 
and,  therefore, 


^  =  |-nnnn779.6  +  -00000162  I  . 

For  all  half-inch  pipes  this  becomes 

:00023278|'  =  65-5V7-s; 
for  all  inch  pipes, 

^=^  {-000^15502}^  =80-3  W7; 
for  all  two-inch  pipes, 

'^  ={  ^00^1614}*  =  92-8  X^; 
for  all  four-inch  pipes, 

^=  {^0TO67}*  =  101'7^»^' 
for  all  six-inch  pipes, 

^  =  {  -O0S22  }  '  =  105-3  ^/Ts•, 
for  all  nine-inch  pipes, 

'"=  {ot59}*=107-8V71; 
for  all  twelve-inch  pipes, 

'^  "^  I  -00008374  I  ^  ==  ^^^'^ 


r  s; 
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for  all  eighteen-inch  pipes, 

""=  { -00008158  }^  =  110"7^^«'- 
for  all  twenty-four  inch  pipes, 

""=  { -0000805  P  =  "l*^^^' 
and  when  r  is  large,  as  for  very  large  pipes   and 
channels,  the  velocity 

^=  {-00007726}*  =  ^^^'^^^ 
is  obtained. 

There  is  evidently,  on  an  examination  of  these 
results,  a  great  error  in  the  formula  of  M.  Darcy.  As 
long  as  the  diameter  of  a  long  pipe  continues  constant, 
the  velocity  is  always  represented  by  a  given  fixed 
multiple  of  'Vrs,  or  of  the  square  root  of  the  product 
of  the  hydraulic  inclination  and  hydraulic  mean  depth, 
no  matter  how  small  or  great  the  velocity  in  the  pipe 
may  he.  For  an  inch  pipe  this  multiplier  for  feet 
measures  is  80-3.  Now  with  a  lead  pipe  the  author 
has  found,  from  several  experiments,  for  a  velocity 
of  about  15  feet  per  second,  the  multipher  to  be  117 
or  118 ;  and  for  a  velocity  of  about  22  feet  per  second, 
Mr.  Hodson's  experiment  gives  a  multiplier  of  about 
120.  Taking  the  other  extreme  for  large  pipes,  the 
multiplier  derived  from  M.  Darcy 's  formula  is  113-8, 
no  matter  how  small  the  velocity  may  be.  But  there  are 
experiments  in  abundance  to  prove  that  for  velocities 
of  about  12  or  13  inches  per  second,  the  multipher 
cannot  exceed  95.  We,  therefore,  look  upon  these 
researches  of  M.  Darcy  as  partial  and  defective,  and 
his  formula  as  a  representation,  at  best,  of  a  limited 
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range  of  velocities,  ia  which  those  at  either  side  are 
omitted  or  not  perceived. 

For  small  pipes,  any  obstruction  arising  from  defec- 
tive bore,  decomposition,  encrustation,  or  from  dimin- 
ished bore,  affects  the  discharge  much  more  considerably 
than  the  same  obstructions  in  a  large  pipe.  In  order 
to  compare  correctly  the  effects  of  the  state  of  the 
bore  on  the  discharge,  pipes  of  exactly  the  same 
diameter  must  be  used,  and  the  value  of  h^  determined 
from  experiments  in  which  the  velocity  is  the  same, 
otherwise  the  results,  as  deduced  by  M.  Darcy  and 
given  by  Morin,  cannot  be  depended  upon. 

A  few  examples,  taken  at  discretion,  are  given  to 
show  how  limited  this  formula  must  be  in  its  applica- 
tion. 

1.  Couplet's  experiment.  No.  43,  p.  217,  reduced 
to  feet,  gives  r  —  '3997  feet,  s  =  -0035,  r  s= '001339, 
and  the  observed  velocity  v  =  3  "478  feet  =  95  V  r  s 
nearly.  Darcy's  formula  would  give  v  =  110"8  V  r  s, 
the  author's  formula  106  V  r  s  nearly,  and  Weisbach's 
105  V  r  s  nearly.  The  pipe  was  probably  an  old  one, 
and  a  deduction  of  about  10  per  ceot.  might  be  made 
for  the  state  of  the  bore.  Here,  however,  there  is  no 
means  of  judging  the  effect  of  a  change  of  inclination 
on  the  multiplier  m,  table  page,  231. 

2.  From  Du  Buat's  experiments  with  an  inch  pipe, 
nearly,  Nos.  50  and  51,  p.  217,  after  reducing  them 
to  feet,  in  experiment  50,  r  =  "0222,  s  =  '228  and  v 
=  6-33  feet  =  89-2  V  r  s ;  or,  after  making  the 
necessary  deductions  in  the  head  for  the  velocity  and 
the  orifice  of  entry  with  the  coefficient  'SIS,  s  =  ■147 
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and  V  =  6-33  feet  =  111-4  VTs.  In  experiment  51, 
in  feetr-  =  -0222,  s  =  '3074,  and  v  —  7-54  =  92  VTs ; 
or,  by  making  allowance  for  the  head  due  to  the  velo- 
city and  the  orifice  of  entry,  as  before,  s  =  "179,  and 
V  =  7"54  feet  =  119*7  V  r  s.  Here  it  is  seen  how 
the  velocity,  or  value  of  the  inclination,  s,  affects  the 
value  of  the  multiplier,  the  diameter  remaining  con- 
stant. M.  Darcy's  formula,  in  each  case,  would  only 
make  v  =  80*2  '/ITs. 

8.  In  the  excerpt  proceedings  of  the  Institution  of 
CivU  Engineers,  p.  4,  6th  February,  1855,  James 
Simpson,  president,  in  the  chair,  there  is  given  for  the 
"  Colinton  pipe "  16  inches  diameter,  eight  or  nine 
years  in  use,  three  observations.  First,  29,580  feet 
long,  a  head  of  420  feet  and  a  discharge  of  571  cubic 
feet  per  minute  :  these  give  v  =  6"816  feet  =  99"2  V  r  s 
nearly.  Secondly,  a  length  of  25,765  feet  a  head  of 
184  feet,  and  a  discharge  of  440  cubic  feet  per  minute : 
these  give  v  =  5*252  feet  =  96"3  V  r  s.  And  thirdly, 
a  length  of  3,815  feet  a  head  of  184  feet,  and  a  dis- 
charge of  1,215  cubic  feet  per  minute  :  these  give  v  = 
14*5  feet  =  115  V  rs  nearly.  In  these  three  examples, 
the  diameter,  castings,  and  age  of  the  pipes  are  the 
same.  Yet  it  is  seen,  clearly,  that  the  inclination 
affects  the  multiplier  of  V  r  s,  which  increases  with 
the  inclination,  s,  although  M.  Darcy's  formula  would 
make  the  multiplier  the  same  in  each  case,  and  for  ail 
inclinations,  viz.  v  —  110  '•</  r  s.  Making  those 
allowances  inseparable  from  the  state  of  the  pipe,  and 
aU  experimental  observations,  these  results,  as  well  as 
those  from  Du  Bust's  experiments,  confirm  the  accuracy 
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of  the  author's  general  formula  (119a),  page  230, 
and  those  others  that  have  been  given  following  it,  as 
well  also  as  that  of  Weisbach. 

Dr.  Young's  formula,  page  222,  bears  a  resemblance 
to  that  of  M.  Darcy,  in  making  the  multiplier  of  VTs 
depend  only  on  the  diameter ;  but  it  works  in  a  con- 
trary manner :  for  the  high  velocities  being  derived 
from  pipes  with  small  diameters,  in  the  experiments 
at  his  command,  the  value  ofciai;  =  cVrs,  reduced 
from  his  formula,  becomes  larger  in  general  for  small 
than  for  larger  diameters.  No  doubt  an  allowance 
should  be  made  in  small  pipes  for  a  thin  film  of  water 
adjoining  the  pipe  with  little  or  no  velocity  ;  but  within 
the  limits  with  which  the  engineer  has  to  deal,  this 
may  be  neglected.  Its  effect,  as  well  as  that  of  all  the 
other  resistances,  junctions,  contractions,  deposits,  &c., 
is  greater  in  pipes  of  small  bore  than  in  larger  ones. 

COEFFICIENTS    DUE    TO    THE    ORIFICE    OF   ENTRY. 

THREE    PROBLEMS. 

Unless  where  otherwise  expressed,  the  head  due  to 
the  velocity  and  orifice  of  entry  is  not  considered  in 
the  preceding  equations.  In  equation  (74),  where  it  is 
taken  into  calculation  generally, 


r  2  gr  H  -V  ^ 


in  which  1  +  Cris  equal  to  I  -  j  ,c,beingthe  coefficient 

of  resistance  due  to  the  orifice  of  entry,  and  Cy  the 
coefficient  of  velocity  or  discharge  from  a  short  tube. 
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If  the  tube  project  into  the  reservoir,  and  be  of  small 
thickness,  c^  will  be  equal  '715  nearly,  and  therefore 
Cr  =  '956 ;  if  the  tube  be  square  at  the  junction,  the 
mean  value  of  c^  will  be  -814,  and  therefore  c,  =  -SOS; 
and  if  the  junction  be  rounded  in  the  form  of  the  con- 
tracted vein,  Ct  is  equal  to  unity  very  nearly,  and  c, 
=  0.  For  other  forms  of  junction  the  coefi&cients  of 
discharge  and  resistance  will  vary  between  these  limits, 
and  particular  attention  must  be  paid  to  their  values 
in  finding  the  discharge  from  shorter  tubes  and 
those  of  moderate  lengths ;    but  in  very  long  tubes 

1   +   Cj  becomes  very  small  compared  with  %    x  -, 

and  may  be  neglected  without  practical  error.  These 
remarks  are  necessary  to  prevent  the  misapplication  of 
the  tables  and  formulee,  as  the  height  due  to  the  velo- 
city and  orifice  of  entry  is  an  important  element  in  all 
calculations  for  short  tubes. 

It  is  considered  unnecessary  to  give  any  formidss  for 
finding  the  discharge  itself,  because,  the  mean  velocity 
once  determined,  the  calculation  of  the  discharge  from 
the  area  of  the  section  is  one  of  simple  mensuration ; 
and  the  introduction  of  this  element  into  the  three 
problems  to  which  this  portion  of  hydraulic  engineering 
applies  itself,  renders  the  equations  of  solution  com- 
plex, though  easily  derived ;  and  presents  them  with 
an  appearance  of  difficulty  and  want  of  simplicity 
which  excludes  them,  nearly  altogether,  from  practical 
application.     The  three  problems  are  as  follows  : — 

I.  Given  the  fall,  length,  and  diameter  of  a  pipe  or 
hydraulic  mean  depth  of  any  channel,  to  find  the  dis- 
charge. 

R  2 
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Here  all  that  is  necessary  is  to  ikid  the  mean 
velocity  of  discharge,  which,  multiplied  by  the  area 
of  the  section  (equal  d^  X  -7854  in  a  cylindrical  pipe), 
gives  the  discharge-  sought.  Table  VIII.  gives  the 
velocity  at  once  for  long  channels,  according  to  Du 
Buat,  or  it  can  be  found  from  equation  (119a)  by  calcu- 
lation. Table  IX.  gives  the  discharge  in  cubic  feet 
per  minute  for  different  diameters  of  pipes,  and  veloci- 
ties in  inches  per  second,  when  found  from  Table 
VIII.,  or  formula  (119a).  See  also  Tables  XI.  and 
XII.     Foe  a  pipe  6  inches  in  diametek,  the  velocity 

PER  second    is  PRACTICALLT  EQUAL    TO  THE    DISCHARGE 

IN  ctHBic  FEET  PEE  MINUTE.     See  also  the  tables  at 
pp.  28,  29,  270,  and  271. 

II.  Given  the  discharge  and  cross  section  of  a 
channel,  to  find  the  fall  or  hydraulic  inclination. 

If  the  cross  section  be  circular,  as  in  most  pipes, 
the  hydraulic  mean  depth  is  one-fourth  of  the  diameter  ; 
in  other  channels  it  is  found  by  dividing  the  water  and 
channel  line  of  the  section,  wetted  perimeter,  or 
border,  into  the  area.  The  velocity  is  found  by 
dividing  the  area  into  the  discharge,  and  reducing  it 
to  inches  per  second ;  then  in  Table  VIII.,  under  the 
hydraulic  mean  depth,  find  the  velocity,  corresponding 
to  which  the  fall  per  mile  will  be  found  in  the  first 
column,  and  the  hydraulic  inclination  in  the  second. 
This  result  can  be  corrected  by  trial  and  error  to  accord 
with  formula  (119a),  and  the  table  for  the  values  of  r  s 
and  V,  p.  234,  calculated  from  it.  See  also  the  tables, 
pp.  28,  29,  270,  and  271. 

III.  Given  the  discharge,  length,  and  fall,  to  find 
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the  diameter  of  a  pipe,  or  hydraulic  mean  depth  and 
dimensions  of  a  channel. 

This  is  the  most  useful  problem  of  the  three. 
Assume  any  mean  radius  r^,  and  find  the  discharge  Da 
by  Problem  I.     Then  for  cylindrical  pipes 

ri:  r^.  .  n^:  B  :  :  1  :   -  ; 

and  as  r^,  d,  and  d^,  are  known,  r^  becomes  also  known, 
and  thence  r.  Table  XIII.  will  then  assist  to  find  r 
with  great  facility.  Thus,  if  r^  =  1  and  d^  was  found 
15,  D  being  33,  then 

1  :  r*  :  :  1  :  j^  :  :  1  :  2*2,  therefore  r^  =  2*2 ; 

and  thence  by  Table  XIII.,  r  =  1-37,  the  mean 
radius  required,  four  times  which  or  5:48  is  the  diameter 
of  the  pipe.  For  other  channels,  the  quantitj'^  thus 
found  must  be  the  hydraulic  mean  depth ;  and  all 
channels,  however  varied  in  the  cross  section,  will  have 
the  same  velocity  of  discharge,  when  the  fall,  length, 
and  hydraulic  mean  depth  are  constant.  If  r,  be  as- 
sumed EQUAL  TO    1|-  INCH,  THE  VELOCITY  POUND   EEOM 

Table  VIII.  will  then  be  the  dischaege  in  cubic 
FEET  PER  MINUTE  NEARLY,  and  this  "mean  radius" 
can  always  be  assumed  for  the  first  term  of  the  propor- 
tion.    See  also  the  tables,  pp.  28,  29,  270,  and  271. 

In  order  to  find  the  dimensions  of  any  polygonal 
channel  whatever,  which  wiU  give  a  discharge  equal  to 
D,  assume  any  channel  similar  to  that  proposed,  one  of 
whose  known  sides  is  s^,  and  find  the  correspondiag 
discharge,  d^,  by  Problem  I.,  or  from  Tables  XI.  and 
XII. ;  then,  if  the  lilce  side  of  the  required  channel. 
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be  s,  there  results  the  equation  s  =  sA:^y,&n&.^ence 

the  numerical  value  from  Table  XIII.  The  result 
can  be  corrected,  as  before,  to  accord  with  any  of  the 
formulae  by  the  method  of  trial  and  error. 

As  it  frequently  happens  that  deposits  in  and  encrus- 
tations on  a  pipe  take  place  from  time  to  time,  which 
diminish  the  flowing  section  considerably,  it  is  always 
prudent,  when  calculating  the  necessary  diameter,  to 
take  the  largest  coefficient  of  friction,  Cj,  or  to  double 
its  mean  value,  particularly  for  small  pipes,  when  cal- 
culating the  diameter  from  any  of  the  formulae.  Some 
engineers,  increase  the  quantity  of  water  by  one-half 
to  find  the  diameter ;  but  much  must  depend  on  the 
peculiar  circumstances  of  each  case,  as  sometimes  less 
may  be  sufficient,  or  more  necessary.     The  discharge 

increases  in  similar  figures,  nearly  as  r^  or  as  d?,  that 
is,  as  the  square  root  of  the  fifth  power  of  the  diameter, 
and  the  corresponding  increase  in  the  diameter  for  any 
given  or  allowed  increase  in  the  discharge  can  be  easily 
found  by  means  of  Table  XIII.,  as  shown  above.  If 
the  dimensions  be  increased  by  one-sixth,  the  discharge 
win  be  increased  by  one-half  nearly ;  and  by  doubling 
the  dimensions  the  discharge  is  increased  in  the  pro- 
portion of  5f  to  1. 

For  shorter  pipes,  it  is  necessary  to  take  into  con- 
sideration the  head  due  to  the  velocity  and  orifice  of 
entry.  Taking  the  mean  coefficient  of  velocity  or 
discharge,  the  head  due  to  the  velocity  and  orifice  of 
entry,  if  it  be  Imown  is  found  from  Table  II. ;  this 
subtracted  from  the  whole  head,  h,  leaves  the  head,  hi, 
due  to  the  hydraulic  inclination,  which  is  that  to  be 
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made  use  of  in  Table  VIII.  If  the  velocity  be  not 
given,  it  can  be  found  approximately ;  then  the  head 
found  for  this  velocity,  due  to  the  orifice  of  entry, 
when  deducted,  as  before,  wiU  give  a  close  value  of  hi, 
from  which  the  velocity  may  he  determined  with 
greater  accuracy,  and  so  on  to  any  degree  of  approxi- 
mation. In  general,  one  approximation  to  hi  wiU  be 
sufficient,  unless  the  pipes  be  very  short,  in  which  case 
it  is  best  to  use  equation  (74).  Exlample  VIII.,  p. 
208,  and  the  explanation  of  the  use  of  the  tables, 
Section  I.,  may  be  usefully  referred  to. 

Tables  XI.,  XII.,  and  XIII.  assist  to  solve  with 
considerable  facUity  aU  questions  connected  with  dis- 
charge, dimensions  of  channel,  and  the  ordinary  surface 
inchnations  of  rivers.  The  discharge  corresponding 
to  any  intermediate  channels  or  falls  to  those  given  in 
Tables  XI.  or  XII.,  wiU.  be  found  with  abundant 
accuracy,  by  inspection  and  simple  interpolation ;  and 
in  the  same  manner  the  channels  from  the  discharges. 
Rivers  have  seldom  greater  falls  than  those  given  in 
Table  XII.,  but  in  such  a  case,  it  is  only  to  divide 
the  fall  by  4,  then  twice  the  corresponding  discharge 
will  be  that  required.  Table  XIII.  gives  the  com- 
parative discharging  powers  of  all  similar  channels, 
whether  pipes  or  rivers,  and  the  comparative  dimen- 
sions from  the  discharges.  It  wiU  be  perceived  from 
it,  that  an  increase  of  one-third  in  the  dimensions 
doubles,  and  a  decrease  of  one-fourth  reduces  the 
discharge  to  one-half.  By  means  of  this  table,  and 
by  a  simple  proportion,  the  dimensions  of  any  given 
form  of  channel  when  the  discharge  is  known  can  be 
determined.  See  Example  17,  p.  17.  See  also  the 
tables  pp.  28,  29,  270,  and  271. 
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The  mean  widths  in  Tables  XI.  and  XII.  are 
calculated  for  rectangular  channels,  and  those  having 
side  slopes  of  IJ  to  1.  Both  these  tables  are,  how- 
ever, practically,  equally  applicable  to  any  side  slopes 
from  0  to  1  up  to  2  to  1,  or  even  higher  when  the 
mean  widths  are  taken  and  not  those  at  top  or  bottom. 
A  semihexagon  of  all  trapezoidal  channels  of  equal 
area  has  the  greatest  discharging  power,  and  the  semi- 
square  and  all  rectangles  exactly  the  same  as  channels 
of  equal  areas  and  depths  with  side  slopes  of  1 J  to  1 . 
The  maximum  discharge  is  obtained  between  these 
for  the  semihexagon  with  side  slopes  of  nearly  J  to  1, 
but  for  equal  areas  and  depths  the  discharge  decreases 
afterwards  as  the  slope  flattens.  The  question  of 
"  HOW  MUCH  ?  "  is  here,  however,  a  very  important 
one ;  for,  as  already  pointed  out  in  equations  (28)  and 
(31),  the  differences  for  any  practical  purposes  may  be 
immaterial.  This  is  particularly  so  in  the  case  of 
channels  with  different  side  slopes,  if,  instead  of  the 
top  or  bottom,  the  mean  width  is  made  use  of  to 
calculate  from.  Then  it  is  only  to  subtract  the  ratio 
of  the  slope  multiplied  by  the  depth  to  find  the 
bottom,  and  add  it  to  find  the  top.  If  the  mean  width 
be  50  feet,  the  depth  5  feet,  and  the  side  slopes  2  to  1, 
then  50  —  (2  X  5)  =  40  for  the  bottom,  and  50  + 
(2x5)  =  60  for  the  top  width. 

Side  slopes  of  2  to  1  present  a  greater  difference 
from  the  mean  slope  of  IJ  to  l,than  any  others  in 
general  practice  when  new  cuts  are  to  be  made.  A 
triangular  channel  having  slopes  of  2  to  1,  and  bottom 
equal  to  zero,  differs  more  in  its  discharging  power 
from  the  half  square,  equal  to  it  in  depth  and  area. 
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than  if  the  hottom  in  each  was  equally  increased,  yet 
even  here  it  is  easy  to  show  that  this  maximum  dififer- 
ence  is  only  5J  per  cent.  If  the  bottom  be  increased 
so  as  to  equal  the  depth,  it  is  only  4^  per  cent. ;  when 
equal  to  twice  the  depth,  3*8  per  cent.;  and  when 
equal  to  four  times  the  depth,  to  2  per  cent.;  while 
the  differences  in  the  dimensions  taken  in  the  same 
order  are  only  2*2,  1-8,  I'S,  and  0-8  per  cent.  For 
greater  bottoms  in  proportion  to  the  depth  the  differ- 
ences become  of  no  comparative  value.  It  therefore 
appears  pretty  evident,  that  Tables  XI.  and  XII.  will 
be  foimd  equally  applicable  to  all  side  slopes  from  0 
to  1  up  to  2  to  1,  by  taking  the  mean  widths.  When 
new  cuts  are  to  be  made,  there  is  no  reason  whatever 
in  starting  from  bottom  rather  than  mean  widths,  to 
calculate  the  other  dimensions;  indeed  the  necessary 
extra  tables  and  calculations  involved  ought  entirely 
to  preclude  us  from  doing  so.  Besides,  the  formulae 
for  finding  the  discharge  vary  in  themselves,  and  for 
different  velocities  the  coefficient  of  friction  also 
varies.*  Added  to  which  the  inequalities  in  every 
river  channel,  caused  by  bends  and  unequal  regimen, 
preclude  altogether  any  regularity  in  the  working 
slopes  and  bottom,  though  the  mean  width  would 
continue  pretty  uniform  under  all  circumstances. 

*  The  coefficient  m  in  tte  formnla  v  =  m  {r  sy  in  rivers  for  veloci- 
ties from  3  inches  to  3  feet  per  second,  varies  from  about  72  to  103  ; 
yet,  strange  to  say,  most  tables  are  calculated  from  one  coefficient 
alone  ;  or,  rather,  from  a  formula  equivalent  to  94-17  (r  sf,  which 
gives  results  suited  to  a  velocity  of  16  inches  only.  Dimensions  of 
channels  calculated  by  means  of  this  formula  are  too  small  in  one  case, 
and  too  large  in  the  other.  In  pipes,  the  variation  of  the  coefficients 
is  shown  in  the  small  tables,  pp.  229  and  231. 
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The  quantities  in  Table  XII.  are  calculated,  from 
the  Telocities  found  from  Table  VIII.,  to  correspond 
to  a  channel  70  feet  wide  and  of  different  depths,  the 
equivalents  to  which  are  given  in  Table  XI.  In 
order  to  apply  these  tables  generally  to  all  open 
channels,  the  latter  are  to  be  reduced  to  rectangular 
ones  of  the  same  depth  and  mean  width,  or  the 
reverse,  as  already  pointed  out.  If  the  dimensions 
of  the  given  channel  be  not  within  the  limits  of 
Table  XI.,  divide  the  dimensions  of  the  larger 
channels  by  4,  and  multiply  the  corresponding  dis- 
charge found  in  Table  XII,  by  32 ;  for  smaller 
channels,  multiply  the  dimensions  by  4,  and  divide  by 
32.  In  like  manner,  if  the  discharge  be  given  and 
exceed  any  to  be  found  iu  Table  XIII.,  divide  by  32, 
and  multiply  the  dimensions  of  the  suitable  equivalent 
channel  found  in  Table  XI.  by  4.  If  it  be  desirable  to 
find  equivalent  channels  of  less  widths  than  10  feet  for 
small  discharges,  multiply  the  discharge  by  32,  and 
divide  the  dimensions  of  the  corresponding  equivalent 
by  4.  Many  other  multipliers  and  divisors  as  well  as 
4  and  32  may  be  found  from  Table  XIII.,  such  as  3 
and  15-6,  6  and  88-2,  7  and  130,  9  and  243,  10  and 
316,  12  and  499,  &c.  The  differences  indicated  at 
pages  212  and  213,  must  be  expected  in  the  application 
of  these  rules,  which  will  give,  however,  dimensions  for 
new  channels  which  can  be  depended  on  for  doing  their 
duty.     The  Tables,  pp.  270,  271,  are  also  applicable. 

It  will  be  seen  from  Table  XIII.  that  a  very  small 
increase  in  the  dimensions  increases  the  discharging 
power  very  considerably.  Table  XII.  also  shows  that 
a  small  increase  in  the  depth  alone  adds  very  much  to 
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the  discharge.     If  in  this  latter  case  a  small  increase 

in  the  depth,  d,  be  expressed  by  -,  then  it  is  easy  to 

n 
prove  that  the  corresponding  increase  in  the  velocity, 

V,  wm  be  ~;  and  that  in  the  discharge  d,  —,  if 

the  surface  inclination  continue  unchanged ;  but  as  it 
is  always  observable  in  rivers  that  the  surface  inclina- 
tions increase  with  floods,  the  diiferences  in  practice 
wiU  be  found  greater  than  these  expressions  make  it. 
As  in  a  large  river  the  surface  inclination  must  be  very 
small,  four  times  the  fall  will  add  very  little  to  the 
sectiona,l  area  ;  yet  this  increase  of  fall  would  double 
the  discharge,  arid  thence  may  be  perceived  how  tribu- 
taries can  be  absorbed  into  the  main  channel  without 
any  great  increase  to  its  depth. 


SECTION  IX. 


BEST  FORMS  OP  THE  CHANNEL. EEGIMEN. VELOCITY., 

EQUALLY  DISCHAEGING  CHANNELS. 

The  determination  of  the  hydrauHc  mean  depth 
does  not  necessarily  determine  the  section  of  the 
channel.  If  the  form  be  a  circle,  the  diameter  is  four 
times  the  mean  radius;  but,  though  this  form  be 
almost  always  adopted  for  pipes,  the  beds  of  rivers 
take  almost  every  curviHneal  and  trapezoidal  shape. 
Other  things  being  the  same,  that  form  of  a  river 
channel,  in  which  the  area  of  the  cross  section  divided 
by  the  border  is  a  maximum,  is  the  best.     This  is  a 
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semicircle  having  the  diameter  for  the  surface  line, 
and  in  the  same  manner,  half  the  regular  figures,  an 

octagon,  hexagon,  and 
square,  in  Fig.  33,  are 
better  forms  for  the 
channel,  the  areas  and 
side  slopes  being  con- 
stant, than  any  others 
of  the  same  number  of 
sides.  Of  all  rectangular  channels.  Diagram  4,  in 
which  A  B  c  D  is  half  a  square,  is  the  best  cross  section ; 
and  in  Diagram  3,  a  c  d  b,  half  a  hexagon,  is  the  best 
trapezoidal  form  of  cross  section.  When  the  width 
of  the  bottom,  c  d,  Diagram  3,  is  given,  and  the  slope 

—  =  n,  then,  in  order  that  the  discharge  may  be  the 
c  a 

greatest  possible. 


c  a 


I ^ y 

^').  (m?'  4-  112— n  J  ' 


and 


2  {v?  +  1) 


c  D  =  —  —  n  X  c  a 

c  a 


=  { [2  (w^  +  1)^  —  n\xx}^  —  n\- 


—n)  ' 


l2(»i2  +  l)2 

in  which  A  is  the  given  area  of  the  channel.  As,  however, 
a  river  has  never  been  known  in  which  the  slope  of  the 
natural  banks  continued  uniform,  even  although  made 
so  for  any  improvements,  it  is  not  necessary  to  give 
tables  for  different  values  of  n.  If,  notwithstanding, 
^  be  put  for  the  inclination  of  the'  slope  a  c,  equal  angle 

c  A  a ;  then  as  cot.  (j)  =  n,  and  Vrt^  +  1  =  -: ' 

sm.  9 

the  foregoing  equations  become 
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C  D 


(120.)       ca=r    (  ^^in^^ji 
1 2  —  COS.  ^  ) 


and 


2  {{n"  +  l)i  -  n}; 


(121.)  CD  =  —  -cax  cot.  d>  * 

c  a 

which  will  give  the  best  dimensions  for  the  channel 

when  the  angle  of  the  slope  for  the  banks  is  known. 

When  the  discharge  from  a  channel  of  a  given  area, 

with  given  side  slopes,  is  a  maximum,  it  is  easy  to 

prove  that  the  hydraulic  mean  depth  must  be  half 

OF    THE    central    OR   GREATEST    DEPTH.        This    simple 

principle  gives  the  construction  of  the  best  form  of 
channel  with  great  facility.  Describe  any  circle  on  the 
drawing-hoard ;  draw  the  diameter  and  produce  it  on 
both  sides,  oivtside  the  circle;  draw  a  tangent  to  the 
lower  circumference  parallel  to  this  diameter,  and  draw 
the  side  slopes  at  the  given  inclinations,  touching  the 
circumference  also  on  each  side  and  terminating  on  the 
parallel  lines:  the  trapezoid  thus  formed  will  be  the 
best  form  of  channel,  and  the  width  at  the  surface  will 
be  equal  to  the  sum  of  the  two  side  slopes.  It  is  easy  to 
perceive  that  this  construction  may  be,  simply,  extended 
for  finding  the  best  form  of  a  channel  having  any  poly- 
gonal border  whatever  of  more  sides  than  three  and  of 
given  inclinations. 

Commencing  with  the  best  dischargiag  form  of 
channel,  which  in  practice  wiU  have  the  mean  width, 
about  double  the  depth  ;  an  equally  discharging  section 
of  double  the  width  of  the  first  will  have  the  contents 

*  When  c  D  =  0.     The  channel  is  triangular ;  and  a  =  o  a=  x  cot.  <t> 

and  ca=  (-^^\ 
\cot.  a)/ 
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one-eleventh  greater,  and  the  depth  less  in  the  pro- 
portion of  1  to  1*85.  A  channel  of  double  the  mean 
width  of  the  second  must  have  the  sectional  area  further 
increased  by  about  one-fifth,  and  a  further  decrease  in 
the  depth  from  1*67  to  1  n'early.  The  greater  expanse 
of  the,  excavation  at  greater  depths  will,  in  general, 
more  than  counterbalance  these  differences  in  the 
contents  of  the  channel.  When  the  banks  rise  above 
the  flood  line,  and  are  unequal  in  their  section,  the 
wider  channel  involves  further  upper  extra  cutting, 
but  there  is  greater  capacity  to  discharge  extra  and 
extraordinary  flooding,  the  banks  are  less  liable  to 
slip  or  give  way,  the  slopes  may  be  less,  and  the 
velocity  being  also  less,  the  ;regimen  will,  in  general, 
be  better  preserved.  The  table  of  equally  discharging 
channels,  p.  270,  will  afford  the  means  of  calculating 
the  difference  of  the  cubical  contents. 

When  the  sectional  area  is  given,  the  following 
table  shows  that  the  semicircle  is  the  best  discharging 
channel,  and  the  complete  circle  the  worst ;  the  latter 
is  so,  however,  only  compared  with  the  open  channels 
given  in  the  table,  it  being  the  best  form  for  an  enclosed 
channel  flowiug  full.  The  best  form  of  an  open  channel 
is  particularly  suited  for  new  cuts  in  flat,  marsh, 
callow,  and  fen  lands,  in  which  it  is  also  often  advis- 
able to  cut  them  with  a  level  bed,  up  from  the  dis- 
charging point,  in  order  to  increase  the  hydraulic 
mean  depth,  and  consequently  the  velocity  and  dis- 
charge. 

As  the  quantity  of  water  coming  down  a  river 
channel  in  a  season  varies  very  considerably, — the 
author  has  observed  it  in  one  case  to  vary  from  one  to 
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thirty,  and  occasionally  in  the  same  channel  from  one 
to  seventy-five, — the  proportion  of  the  water  section 
to  the  channel  itself  must  also  vary,  and  those  rela- 
tions of  the  depth,  sides,  and  width  to  each  other, 
above  referred  to,  cease  to  hold  good,  and  be  the  best 
under  such  circumstances.  If  the  object  be  to  con- 
struct a  mill-race,  temporary  drain  for  unwatering  a 
river,  or  other  small  channel,  in  which  the  depth 
remains  nearly  constant,  channels  of  the  form  of  a 
half  hexagon,  diagram  3,  Fig.  33,  wUl  be,  perhaps,  the 
best,  if  the  tenacity  of  the  banks  permit  the  slope ; 
but  rivers,  in  which  the  quantity  of  water  varies  consi- 
derably, require  wider  channels  in  proportion  to  the 
depth ;  and  also,  that  the  velocity  be  so  proportioned 
to  the  tenacity  of  the  soil,  or  as  it  is  termed  "  the 
regimen,"  that  the  banks  and  bed  shall  not  vary  from 
time  to  time  to  any  injiu-ious  extent,  and  that  any 
deposits  made  during  their  summer  state,  and  during 
light  freshes,  shall  be  carried  off  periodically  by 
floods.  Another  circumstance,  also,  modifies  the 
effects  of  the  water  on  the  banks.  It  is  this,  that  at 
curves,  and  tui-ns,  the  current  acts  with  greatest  effect 

against  ^  the 
bank,  concave 
to  the  direc- 
tion in  which 
it  is  moving; 
deepening  the 
channel  there ; 
undermining  also  the  bank,  as  at  a.  Fig.  34;  and 
raising  the  bed  to  the  opposite  side  b.  The  reflection 
of  the  current  to  the  opposite  bank  from  a  acts  also 
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in  a  similar  maimer,  lower  do-vm,  upon  it;  and  this 
natm-al  operation  proceeds,  untU  the  number  of  turns, 
increased  length  of  channel,  and  loss  of  head  from 
reflexion  and  unequal  depths,  bring  the  currents  into 
regimen  with  the  material  in  the  bed  and  banks.  At 
all  bends  it  is,  therefore,  prudent  to  widen  the  channel 
on  the  convex  side  b,  and  protect  the  concave  side  a, 
Fig.  34,  in  order  to  reduce  the  velocity  and  its  effects ; 
and  if  the  bed  be  here  also  sunk  below  its  natural 
inclination,  as  it  may  be  seen  in  most  rivers  at  bends, 
the  velocity  will  be  farther  reduced,  and  the  per- 
manence of  the  bed  better  established. 

The  circumstances  to  be  considered  in  deciding  on 
the  dimensions  and  fall  of  a  new  river  course,  after  the 
depth  to  which  the  surface  of  the  water  is  to  be 
brought  has  been  decided  on,  are  the  following : — 

The  mean  velocity  must  not  be  too  slow,  or  aquatic 
plants  will  grow,  and  deposits  take  place,  reducing 
the  sectional  area  untU  a  new  and  smaller  channel  is 
formed  within  the  first  with  just  suJ0B.cient  velocity 
to  keep  itself  clear.  This  velocity  should  not  in 
general  be  less  than  from  ten  to  fourteen  inches  per 
second.  The  velocity  in  a  canal  or  river  is  in- 
creased very  considerably  by  cutting  or  removing 
reeds  or  aquatic  plants  growing  on  the  sides  or 
bottom.* 

•  "  M.  Girard  a  fait  observer,  avec  raison,  que  les  plantes  aquatiqnes, 
qui  croissent  toujours  sur  le  fond  et  sur  les  berges  des  canaux,  aug- 
mentent  consid^rablement  le  perimetre  mouiUe,  et  par  suite  la  resist- 
ance ;  il  a  rapelie  que  Du  Buat,  ayant  mesur^  la  vitesse  de  I'eau  dans 
le  canal  du  Jard,  avant  et  aprfes  la  coupe  des  roseaux  dont  il  ^tait  garni, 
avait  trouv^  un  resultat  bien  moindre  avant  qu'aprSs.  En  consequence, 
il  a  presque  double  la  pente  donnde  par  le  calcul    .     ,     ."—Traits 
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The  mean  velocity  must  not  be  too  quick,  and 
should  be  so  determined  as  to  suit  the  tenacity  and 
resistance  of  the  channel,  otherwise  the  bed  and 
banks  will  change  continually,  imless  artificially  pro- 
tected ;  it  should  not  exceed 

25  feet  per  minute  in  soft  alluvial  deposits. 


40 

clayey  teds. 

60        „ 

sandy  and  sUty  teds. 

120 

gravelly. 

180 

strong  gravelly  siingle 

240 

shingly. 

300        „ 

shingly  and  rocky. 

400  and 

upwards 

in  rocky  and  shingly.  * 

d'Hydraulique,  p.  135.  When  the  fall  does  not  exceed  a  few  inches 
per  mUe,  the  velocity,  as  determined  from  the  inclination,  is  very 
uncertain,  and  for  this  reason  it  is  always  prudent  to  increase  the 
depths  and  sectional  areas  of  channels  in  flat  lands,  as  far  as  the 
regimen  will  permit.  In  such  cases  the  section  of  the  channel  should 
approximate  towards  the  best  form.    See  pp.  192  and  255. 
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7 
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3 

4i 
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7 

lOi 
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60 

88 
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7 

lOi 
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36 
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80 
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1,467 
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Bullet  discharged  from 
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14 
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air-gim,     air     being 

Swift   American    river 

compressed  into  the 
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18 
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12 

17i 

volume  .        .       .    . 

477 
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32 

47 
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18 

26i 
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25 
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,,           ,.       French. 

27 

39i 

Earth  moving  round  sun 
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100,000 
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A  velocity  of  180  feet  per  minute  will  remove 
angular  stones  the  size  of  an  egg.  Mr.  Phillips, 
under  the  Metropolitan  Commissioners  of  Sewers, 
states  that  2J  feet  per  second,  or  150  feet  per  minute, 
is  sufficient  to  prevent  soil  depositing  in  sewers. 

The  fall  per  mile  should  decrease  as  the  hydraulic 
mean  depth  increases,  and  both  be  so  proportioned 
that  floods  may  have  sufficient  power  to  carry  off  the 
deposits,  if  any,  periodically.  The  proportion  of  the 
width  to  the  depth  of  the  channel  should  not  be 
derived,  for  new  cuts  or  river  courses,  from  any 
formula,  but  taken  from  such  portions  of  the  old 
channel  as  approximate  in  depth  and  in  the  inclina- 
tion of  the  surface  to  that  proposed.  When  •  the 
depth  is  nearly  half  the  width,  the  formula  shows, 
cateris  paribus,  that  the  discharge  wiU  be  a  maximum; 
but  as  (altogether  apart  from  the  question  of  expense) 
the  quantity  of  water  discharged  daily,  at  different 
seasons,  may  vary  from  one  to  seventy,  and  more,  and 
"  the  regimen,"  has  to  be  maintaiued,  the  best  pro- 
portion between  the  width  and  depth  of  a  new  cut 
should  be  obtained,  as  stated,  from  some  selected 
portion  of  the  old  channel,  whose  general  circum- 
stances and  surface  inclination  approximate  to  those 
of  the  one  proposed  ;  and  the  side  slopes  of  the  banks 
must  be  such  as  are  best  suited  to  the  soil.  The 
resistance  of  the  banks  to  the  current  being  in  genei-al 
less  than  that  of  the  beds,  which  get  covered  with 
gravpl,  and  the  necessary  provision  required  for  floods, 
appears  to  be  the  principal  reason  why  rivers  are  in 
general  so  very  much  wider  than  about  twice  the 
depth,  the  relation  which  gives  the  minimum  of  friction. 

s  2 
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The  following  Table  is  given  by  Eennie,  as  an 
approximation,  generally,  to  the  actual  state  of  rivers. 
The  surface  inclinations,  however,  given  in  this  table 
for  the  first  and  second  classes,  are  very  considerable 
for  large  rivers,  and  would  give  velocities  which  would 
effectually  scour  them.     For  a  hydraulic  mean  depth 

of  12  feet,  the  velocity,  with  a  fall  of—--—,   would  be 

2  feet  8  inches  per  second  by  Du  Buat's  formula ;  and 
3*3  feet  per  second  by  our  formula.  The  description, 
therefore,  can  only  apply  to  smaller  channels.      In 

fact,  4  inches  to  a  mile,  or  -—^—r^,  is  a  considerable  in- 

15740 

clination  for  a  large  river.  From  Carrick-onr  Shannon 
to  KUlaloe,  a  distance  of  110  miles,  the  average  fall  is 
only  about  4  inches  per  mile  on  the  river  Shannon ; 
and  the  portion  between  Athlone  and  the  river  Suck 
below  Shannon  bridge  the  fall  varies  from  *7  to  1 J  inch 
per  mile.  The  Table  of  the  "FaUs  on  the  Shannon" 
(p.  262)  explains  practically  the  defects  in  Eennie's 
Table,  or  of  any  tabular  arrangement  that  omits  the 
size  and  hydrauHc  mean  depth  of  the  river  channel. 
The  mean  velocity  and  quantity  ilowing  remaining  the 
same,  the  hydraulic  mean  depth  increases  as  the  sur- 
face inclination  decreases,  and  in  the  same  ratio.  The 
increase  of  surface  inclination  and  of  velocity  are  the 
indices  of  obstructions  in  the  channel,  with  this  differ- 
ence, that  the  obstructions  are  caused  by  the  velocity 
where  the  surface  inclination  is  generally  steep ;  but 
the  obstructions  cause  the  increase  of  velocity  where 
the  inclination  is  generally  flat. 

*  Report  to  the  Britisli  Association,  1834 
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DISTINCTIVE  ATTRIBUTES 

OF  THE 

-VARIOUS  KINDS  OF  RIVERS. 


3-d  .2 


Channels  wherein  the  resist-"! 
ance  from  the  bed,  and  other 
ohstacles,  ec[ual  the  quantity  of 
current  acquired  from  the  de-  I  ., 
clivlty;  so  that  the  waters  would  f"     '' 
stagnate  therein,  were  it  not  for 
the  compression  and  impulsion 
of  the  upper  and  back  waters  . 


Artificial  canals  in  the  Dutch 
and  Austrian  Netherlands    .     . 


2nd, 


S-3  . 
^S 

aj  d  h 
.£  «  3 

i  "s 
I'll 


s  fl  a 

P  o 


0" 


180 


s  a  ° 


6,  o 


■3  S  o 

.2  9.1 
•S8S 


6| 


fl  fr-'C? 


14 


Rivers  in  low,  flat  countries,  'j 
full  of  turns  and  windings,  and  / 
of  a  very  slow  current,  subject  V  3rd. 
to  frequent  and  lasting  inunda-  ( 
tions J 


120 


10 


Rivers  in  most  coimtries  that  ] 
are  a  mean  between  flat  and  / 
hilly,  which  have  good  currents,  (   ,,, 
but  are  subject  to  overflow  ;  also  [ 
the  upper  parts  of  rivers  in  flat 
countries     . 


14 


80 


15 


tl 


Rivers  in  hilly  countries  with  ^ 
a  strong  current,  and  seldom  i 
subject  to  inundations;  also  all  ( 
rivers  near  their  sources  have  ( 
this  declivity  and  velocity,  and  \ 
often  much  more 


5th; 


2* 


55 


21| 


Rivers  in  mountainous  coun- ' 
tries  having  a  rapid  current  and  ( 
straight  course,  and  very  rarely 
overflowing         .         .         .     .  _ 


6th. 


40 


30 


Rivers  in  their  descent  from  ' 
among  mountains  down  into  the  | 
plains  below,  in  which  plains  j 
they  run  torrent-wise 


7th. 


24 


50 


2f 


Absolute     torrents     among 
mountains 


8th. 


15 


80 
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FALLS  THE  22ND  AUGTTST,  1861  (bY  ME.  BATBMAN),  ON  THE  SHANNON 
BETWEEN  ATHLONE  AND  VICTOEIA  LOOK,    MBBLIOK. 

Eeport,  May,  1S6S. 


Height  over 

upper  sill 

of  Victoria 

Lock. 

Fall. 

Distance. 

Fall  per 
Mile. 

Athlone  .... 

Shannon  bridge . 

Bauagher 

Victoria  Lock,  Meelick      . 

ft.    in. 
16      2 
14     8 
12      3 
8    10 

ft.    in. 
•  • 

1  6 

2  5 

3  5 

miles 
lii 

inches 

l'26B 
3-411 
9-111 

NATUEAL  FALLS   ON  THE  EIVEE  SHANNON  (BT  ME.    LTNAM). 

Eeport,  April,  1867. 


Names  of  Places. 


Falls. 


In  the 
river. 


S».g 


o 


-a  o 
g  o 

go 

a 


Fall  per 
mile. 


From  Carrick  on  Shannon  to  Jamestown 

Bridge 

Thence  to  Jamestown  Weir 
Fall  over  Jamestown  Weir  .       ,       .    . 
Thence  to  Albert  Lock      .... 
Thence  to  the  head  of  Boosky  Fall     .    . 
Thence  to  Roosky  Weir    .... 

Fall  over  Boosky  Weir 

From  Boosky  Weir  to  Tarmonbany  Weir 
Fall  over  Tarmonbarry  Weir     . 
From  Tarmonbarry  Weir  to  Lanesboro  . 
Thence  to  Athlone,  head  of  the  Fall     . 
Thence  to  the  Weir   .... 
Fall  over  Athlone  Weir        j        .       .    . 

(From  Athlone  Weir  to  River  Suck. 
Thence  to  Banaghor    .       .       .       ,    i 
Thence  to  Counsellor's  Ford  . 
Thence  to  Meelick  Weir      .       .       .    . 
Fall  over  Meelick  Kavlgation  and  Eel 
Weirs 

From  Meelick  to  Fortumna         .       .    . 
Thence  to  Eillaloe  Pier  head    . 
Thence  to  Killaloe  Weir  head      .        .    . 
Fall  over  Eillaloe  Weir  at  the  bead.-^ 

2  ft.  Bin :( 

FaE  over  Killaloe  Weir  at  the  lower  f 

end,  3ft.  Sin J 

Thence  to  Eillaloe  Bridge 

Total 

In  river 

Additional  fall  at  Tarmonbai-ry  left  out 
above  to  suit  the  heights  of,  the  water 
there '    .       ,    . 


ft.  in. 

0  9 

1  0 

I'il 
0    2i 
0    6 


2    6 

I's 
0    3 

0    1 


ft.  in. 


0  lOJ 

1  lli 

0  9 

1  1 


0    7 
0    5J 
0    3 


1    1 


miles 


1i 

m 


i 

8 

23? 

4 


21     0 
15    9 


lU 


Whole  fall 


10 


inches 

1-64 
6-00 

6-57 
0-36 
4-00 


2-07 
0-17 
2-00 

0-70 
2-94  I  > 
4-50     " 
6-60 


I  OQ 


0-87 
0-23 
18-00 


6-60 


The  fall  Irom  Killaloe  to  Limerick  is  abotit  517  feat,  in  about  15  miles. 
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The  following  information  with  reference  to  the  sur- 
face inclinations  of  the  Thames,  is  also  from  Eennie's 
Eeport  on  Hydraulics,*  as  a  hranch  of  engineering 


science. 


FaUin 

fiatio 

Names  of  places 

Length. 

raU. 

feet  per 

of  inclina- 

mUe. 

tions. 

miles 

fur. 

feet  in. 

From  Lechlade  at  St.  John's 

Bridge  to  Oxford  at  Folly 

Bridge         .        .         .     . 

28 

0 

47     0 

1-68 

TiTTT 

From  Oxford  to  Abingdon 

Bridge     .... 

9 

0 

13-11 

1-73 

'S.aa 

From  Abingdon  to  Walling- 

ford  Bridge.        .        .    . 

14 

0 

27    4 

1'95 

2,tVt 

From  'Wa.llingford  to  Read- 

ing Bridge 

18 

0 

24    1 

1-31 

4,o3'o 

From   Eeading   to    Henley 

Bridge        .        .        .     . 

9 

0 

19    3 

214 

1 

2)46  7 

I"rom    Henley    to   Marlow 

Bridge    .... 

9 

0 

12    2 

1-35 

•3-.911 

From  Marlow  to  Maidenhead 

Bridge        .        .        .     . 

8 

0 

15    1 

1'86 

"s.-stv 

From  Maidenhead  Bridge  to 

Windsor  Bridge 

7 

0 

13     6 

1-93 

'S.'^'Se 

From  Windsor   to    Staines 

Bridge        .        i        .     . 

8 

0 

15    8 

1-96 

2,6  >)  4 

From    Staines  to   Chertsey 

Bridge     .... 

4 

6 

6     6 

1-44 

S.-iel 

From  Chertsey  to  Teddiag- 

ton-Lock     .        ... 

13 

6 

19     8 

1-45 

T;'6Vt 

From   Teddington-Lock   to 

London  Bridge 

19 

0 

2    9 

•145 

S^.i.  1 4 

From   London   to    Yantlet 

Creek 

From  Lechlade   to  Yantlet 

40 

0 

2    1 

■052 

ioi,TJ7 

Creek      .... 

186 

4 

218    0 

Deduct.        .        .     . 
From  Lechlade  to  London  . 

40 

0 

146 

4 

For  enclosed  channels,  the  circular  form  of  sewer 
*  Report,  for  1834,  of  the  British  Association. 
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will  have  the  largest  scouring  power,  at  a  given 
hydraulic  inclination.  For  then  the  area  of  the  sections 
being  the  same,  the  velocity  in  the  circular  channel 
will  be  a  maximum.  When  the  supply  is  intermit- 
tent, and  the  channel  too  large,  the  egg-shaped  form 
with  the  smaller  end  for  the  bottom, — or  the  sides 
vertical  with  an  inverted  ridge-tile  or  V  bottom  for 
drains, — will  have  a  hydrostatic  flushing  power  to 
remove  soil  and  obstructions,  which  a  cylindrical 
channel,  only  partly  full,  does  not  possess ;  because 
a  given  quantity  of  water  rises  higher  against  the  same 
obstruction,  or  obstacle,  to  the  flow  in  the  pipe.  It 
must  be  confessed,  however,  that  for  small  drains  and 
house-sewage,  this  gain  is  immaterial,  and  is  at 
best  but  efi'ected  by  a  sacrifice  of  space,  material,  and 
friction  in  the  upper  part  of  drains,  from  6  to  12  inches 
in  diameter.  Besides  this,  the  mere  hydrostatic  pres- 
sure is  only  intermittent,  and  during  an  ordinary,  or 
heavy,  fall  of  rain,  the  hydrodynamic  power  is  always 
more  efiicient  in  scouring  properly-proportioned  cylin- 
drical drains ;  and  the  workmanship  in  the  form  and 
joints  is  less  imperfect  than  for  more  compound  forms, 
as  those  with  egg-shaped  and  inverted  tile  bottoms. 
The  moulds  and  joints  of  cylindrical  stone-ware  drains, 
exceeding  12  inches  in  diameter,  are  seldom,  however, 
in  large  quantities  perfect;  and  the  expense  would 
exceed  that  of  brick,  stone,  or  other  sufiicient  drains 
in  many  localities. 

As  to  the  increased  discharging  power  which  it  is 
asserted  by  some,  stone-ware  cylindrical  drains  pos- 
sess over  other  ordinary  drains,  no  doubt  it  is  true  for 
small  sizes,  because  the  form,  jointing,  and  surface  are 
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in  general  more  smooth  and  circular ;  and  for  sewage 
matter*  the  friction  and  adherence  to  the  sides  and 
bottom  is  less;  any  advantage  from  these  causes 
becomes,  however,  immaterial  for  the  larger  sizes,  as 
these  can  be  constructed  of  brick  or  stone  abundantly 
perfect  to  any  form,  and  sufficiently  smooth  for  all 
practical  purposes,  for  in  the  larger  properly-propor- 
tioned sizes  the  same  amount  of  surface  roughness 
opposed  to  the  sewage  matter  is,  comparatively,  of  no 
effect.  The  judicious  inclination  and  form  of  the 
bottom,  and  properly  cm-ved  junctions,  are  the  principal 
points  to  be  attended  to.  Smaller  drains  tile-bottomed, 
with  brick  or  stone  sides,  and  flat-covered,  have  one 
great  advantage  over  circular  pipes,  t  They  can  be 
opened  up,  for  examination  and  repairs  at  any  time 
with  facility,  and  at  the  smallest  expense ;  but  greater 
certainty  must  be  attached  to  the  working  of  small 
stone-ware  drains  than  to  equaUy-sized  small  brick  or 
stone  drains,  and  they  will  be  found,  in  general, 
also  cheaper.  This,  however,  depends  on  the 
locality. 

It  may  be  observed  in  numerous  experiments,  that 


*  Weisbach  found  the  coefflciont  of  resistance  1 75  times  as  great  for 
small  wooden  as  for  metallic  pipes.  AS^ermeabU  pipes  present  greater 
resistance  than  impermeable  ones;  hence  the  principle  advantage 
derived  from  glazing. 

t  Half-socket  joints  at  bottom  would  remedy  this  imperfection  in 
small  pipes,  and  they  could  be  better  laid  and  cemented.  A  semi- 
circular flange  laid  on  at  top  would  effectually  protect  the  joint  on  the 
upper  side.  Latterly  Doulton  has  out  off  an  upper  segment  from  the 
pipe,  which  can  be  removed  for  cleaning.  And  it  may  be  demon- 
strated, that  when  this  is  a  segment  of  78J  degrees,  the  lower  portioik 
will  discharge  more  than  a  fuU  pipe  at  the  same  inclination. 
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water  flowing  from  a  pipe  does  not  entirely  fill  the 
orifice  of  exit,  when  the  velocities  are  not  considerable, 
and  yet  the  results  are  found  to  he  but  slightly  affected 
if  a  little  more  than  three-fourths  of  the  circum- 
ference be  fuU.  It  is  easy  to  demonstrate  that  the 
fuU  circle  does  not  give  the  maximum  discharging 
velocity  as  has  been  generally  believed,  but  when 
.  -p-     3^^  filled     to    the     height   of 


the  chord  a  c  of  arc  a  e  c 

of  78J  degrees,  and  where 

the    velocity     is     9|    per 

cent,  over  that  due  to  the 

fuU    circle,    for  then  the 

area  ad  c  • 

,-  IS  a  maximum, 

arc   a  a  e 

and  the  length  of  the  arc 

adc  is  equal  to  the  tangent 

of    the    supplemental  arc 

a  e  c,  as  may  be  without  difficulty  demonstrated.    The 

hydraulic  mean  depths  of  the  circle  and  larger  segment 

are  to  each  other  as  "5  to  "6,  and  their  square  roots, 

which  are  as  the  velocities  or  scouring  powers,  are  as 

1  to  1'095.     The  discharging  powers  are  to  each  other 

as  1  X  3-1416  to  1-095  X  2-946,  or  as  1  to  1-026, 

which  shows  that  the  segment  adc  has  also  a  greater 

discharging  power  than  the   whole    circle   of  nearly 

three  per  cent.     These  facts,  which  were  first  pointed 

out  by  the  author,  are  not  unimportant  in  matters 

connected  with  drain-pipes  and  sewerage.     The  effects 

of  greater  velocity  and  discharge  here  pointed  out,  are 

sometimes    increased,  in  short  pipes,   from   the  fall 

between  the  surface  a  o,  and  the  surface  from  which 
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the  head  is  measured,  heiug  greater  than  the  fall 
to  the  top  of  the  pipe  at  e,  or  from  the  inclination  of 
the  surface  of  the  water  in  the  pipe  being  greater  than 
the  inclination  of  the  pipe  itself. 


EQUALLY  DISCHARGING   CHANNELS. 

In  order  that  different  channels  should  have  the 
same  discharging  power,  the  inclination  of  the  surface 
being  the  same,  the  areas  must  be  inversely  as  the 
square  roots  of  the  hydrauhc  mean  depths.  The 
channel  a  d  cb,  Fig.  35,  will  have  the  same  discharge 
as    the    channel  a  d  c  b  if  they  be   to   each    other 

(  ADCB  )i.        f  a  d  CB 

as    <    ; ; ^       to    {    ■ 

(.Ad  +  dc  +  cbJ  (.1 


ad  +  d  c  +  CB 


}'■ 


and  hence  the  square  root  of  the  cube  of  the  channel 
area,  divided  by  the  border,  must  be  constant.  With 
a  fall  of  one  or  more  feet  to  a  mile,  two  channels,  one 
70  feet  wide  and  1  foot  deep,  and  the  other  20  feet 
wide  and  2^  feet  deep,  will  have  the  same  discharge. 
If  w  be  put  for  the  width  and  d  for  the  depth  of  any 
rectangular  channel,  then 


w 


(ff 


{  w  +  2d 

(122.) 


Y= 


m: 


d' 


and  thence  the  cubic  equation 
2m^ 


w 


-d  —  — 
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for  finding  the  depth  d  of  any  other  rectangular 
channel  whose  width  is  w,  of  the  same  discharging 
power.  The  depths  d  for  different  widths  of  channel 
have  been  calculated  from  this  equation,  assuming  a 
width  of  70  feet  and  different  depths  to  find  m  from. 
The  results  are  given  in  Table  XI.,  which  will  be 
found  sufficiently  accurate  for  all  practical  purposes, 
when  the  banks  are  sloped,  by  taking  the  mean  width. 
This  table  is  equally  applicable  to  any  measures  what- 
ever, to  their  multiples,  and  sub-multiples. 

If  the  hydraulic  inclinations  vary,  then  the  V  r  s 
must  be  inversely  as  the  areas  of  the  channels  when 
W  r  s  X  channel  or  the  discharge  is  constant ;  and  ii' 
the  area  of  the  channel  and  discharge  be  each  constant, 
r  must  vary  inversely  as  s  ;  and  r  s  be  also  constant. 
For  instance,  a  channel  which  has  a  fall  of  four  feet 
per  mUe,  and  a  hydraulic  mean  depth  of  one  foot,  will 
have  the  same  discharge  as  another  channel  of  equal 
area,  having  a  hydraulic  mean  depth  of  four  feet,  and 
a  faU  per  mUe  of  only  one  foot.  If  in  Table  XII. 
the  same  discharge  be  taken  from  the  columns  for 
different  inclinations,  the  mean  rectangular  dimensions 
corresponding  to  them  in  the  first  column, will  be 
found,  and  thereby  an  engineer  be  enabled  to  select 
an  equally  discharging  channel  from  Table  XI., 
suited  to  an  increase  or  decrease  of  the  hydraulic 
inclination.* 

The  next  table  at  p.  270,  of  equally  discharging 

*  Tables  by  the  Author  similar  to  mnnhers  XI.,  XII.,  and  XIII. 
but  on  a  much  more  extended  scale,  have  been  printed  and  published 
on  a  separate  sheet  for  office  use,  and  may  be  had  from  the  pub- 
lisher. 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  269 

river  channels,  witli  a  primary  channel  having  a  mean 
width  of  100,  instead  of  70,  as  in  Table  XI.  has  been 
calculated ;  and  in  the  table  at  p.  271  are  given  the 
discharges  at  different  inclinations  from  this  new 
primary  channel,  to  find  those  from  its  equivalents. 
The  tables  at  pp.  28,  29,  271,  and  Table  VIII., 
have  also  been  calculated  from  Du  Buat's  formula. 
For  slow  velocity  of  only  a  few  inches  per  second, 
the  dimensions  should  be  increased  by  about  one-sixth, 
and  the  discharges  by  about  one-half. 

With  reference  to  pipes,  it  is  apparent  that  a  given 
depth  of  roughness  or  contraction  arising  from  any 
cause  will  have  a  greater  effect  the  smaller  the  diameter 
becomes.  Now  in  practice,  it  is  necessary  to  increase 
the  diameter  beyond  what  is  found  by  calculation. 
For  small  service  pipes  half-an-inch  is  the  smallest 
diameter  in  general  use.  For  mains  and  sub-mains 
the  value  of  c  in  equation  (74b),  or  at  p.  196,  should 
at  least  be  doubled,  or  the  discharge  taken  at  one  and 
a  half  times  its  amount  to  find  the  diameter.  By 
enlarging  the  diameter  by  one-seventh,  one-half  the 
amount  will  be  added  to  the  discharge,  very  nearly ; 
and  by  increasing  the  diameter  by  one-third,  the 
discharge  will  be  doubled.  In  a  broad  and  practical 
sense,  and  considering  the  losses  arising  from  deposi- 
tions,* pipes  imder  two  inches  should  have  one-third 

*  Mr.  Bateman  formerly  in  giving  evidence,  says  : — "He  wished  to 
inention  a  circumstance  which,  might  be  useful  with  regard  to  the 
spongiUse  found  in  the  Dublin  water  pipes.  At  Manchester,  before  the 
introduction  of  soft  water,  the  city  was  supplied  with  hard  water, 
which  favoured  the  growth  of  a  small  fresh-water  mussel,  which 
thickly  line  the  reservoirs  and  pipes.  There  were  myriads  of  them, 
and  they  lay  in  the  pipes  as  thick  as  paving  stones.     These  were 


TABLE  of  mean  widths  and  depths  of  equally  dhcharging  trapezoidal  Jtwer-ckannelBt 
or  Sewers,  with  side  slopes  -up  to  25-  to  1.  JPracticalli/  all  river-channels  may  he  re~ 
duced  to  rectangular  sections  of  equal  a/reas  amd  depths  to  find  the  Mscha/fge.  See 
Table  XI. 


H 

Mean 

rectanemlar  dimensions  of  equallr  discharging  water-channels  or  sewers. 

&I 

II 

in  any  measures -vrliatever,inc1ieB,Teet,' yards,  i^tUoms,  or  their  aliquot  pai-ts, 
or  multiples.                                                    | 

ho 

Mean 

Mean 

Moan 

Mean 

Mean 

MeaJi 

Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

width 

width 

width 

width 

width 

width 

width 

width 

width 

width 

width 

width 

100 
•1 

90 

80 

70 

60 

eo 

40 

30 

20 

13 

10 

100 

■11 

■12 

■13 

■14 

■16 

■18 

■22 

•29 

-35 

•47 

■1 

■I2S 

■13 

■14 

■16 

■17 

■20 

■23 

■28 

•87 

•45 

■60 

■125 

•2 

■21 

■23 

■25 

■28 

■32 

■37 

•45 

•60 

•73 

•98 

•a 

■25 

■27 

■29 

■32 

•36 

■40 

•46 

"•66 

•76 

■92 

1^25 

•25 

•3 

■32 

■35 

•38 

■42 

■48 

■66 

•68 

•90 

l^ll 

1^62 

•3 

•376 

■40 

■44 

■48 

■63 

■60 

■70 

•85 

1^13 

1^40 

1^94 

•375 

•4 

■43 

■46 

■61 

■66 

•64 

■74 

•91 

1^21 

1-60 

2^08 

■4 

•5 

■54 

■68 

■64 

■71 

•80 

■93 

1-14 

1^53 

1^90 

2^67 

•5 

■6 

■64 

■70 

■76 

■85 

■96 

1^12 

1^37 

1^85 

2^31 

3^28 

•6 

•625 

■67 

■73 

■79 

•88 

l^OO 

1^16 

1^43 

193 

2^42 

8^44 

•626 

•7 

■75 

■81 

■89 

■99 

1-12 

131 

1^61 

2^17 

2^73 

3^92 

•7 

•75 

•80 

■87 

■95 

1-06 

1-20 

141 

1'73 

2^34 

2^95 

4-26 

■75 

•8 

•86 

■93 

1^02 

1^13 

1-29 

1^60 

1^86 

2-51 

317 

4^69 

•8 

■875 

•94 

1^02 

1^12 

1^24 

1-40 

1^64 

2^02 

2^76 

3^60 

S^IO* 

■876 

•9 

•97 

105 

1^15 

1^27 

146 

1^69 

2^08 

2 '84 

3  61 

5^28 

■9 

1-0 

1-07 

116 

1-27 

1-42 

1^61 

■  1^88 

2^32 

3^18 

4^07 

5^99 

1^0 

1^125 

1'21 

131 

1^43 

1^60 

1^81 

2^13 

2^63 

S^62 

4-64 

692 

1^25 

1-2 

129 

140 

153 

1^70 

1^94 

2-27 

2-81 

3-88 

6^00 

7  ■50 

12 

1-25 

135 

1^46 

1-60 

1^78 

2^02 

2^37 

2^94 

4^06 

6-24 

7  89 

1^125 

1-3 

140 

1^61 

1-66 

185 

210 

2^47 

3^06 

4-24 

5-48 

8^29 

1^3 

1-375 

1-48 

1^60 

1-76 

1^96 

2^23 

2^62 

3^26 

4^51 

6-85 

8^89 

1^375 

1-4 

1^50 

1^63 

1-79 

1^99 

2^27 

2^66 

3  ■SI 

4^60 

5-97 

9^10 

14 

1-5 

161 

1'76 

1^92 

2^14 

2^43 

2^86 

3^66 

4^97 

6-47 

9  92 

1^5 

1^6 

1-72 

1^86 

2  06 

2^28 

2^60 

3^06 

3^81 

5^34 

6-98 

10  ^78 

16 

1-625 

1^75 

1-89 

2^08 

2^32 

2^64 

311 

3^87 

5^43 

711 

1100 

1626 

1^7 

1^83 

1-98 

2-17 

2-43 

2^76 

3^26 

4 '06 

5^72 

7^60» 

11^66 

17 

1^75 

1-88 

2^04 

2-24 

2^60 

2^85 

3  36 

4^19 

6^91 

7^77 

1210 

1^75 

18 

1-93 

2^10 

2 '30 

2^67 

2-93 

3^45 

4^32 

6^09 

8^03 

12^54 

IS 

1^S75 

2^02 

2^19 

2-40 

2-68 

3  06 

3^60 

4^61 

6^38 

843 

1323 

1^875 

1-9 

2^04 

2-22 

2-43 

2^71 

3^10 

^■66 

4^67 

6^48 

8^57 

13-46 

19 

2-0 

2^16 

2'33 

2-66 

2^86 

3-26 

3^86 

483 

6^87 

9^11 

1439 

2^0 

2-1 

2^26 

2^45 

2^69 

301 

3^43 

4^06 

5^09 

7^27 

9^67 

15^35 

2^1 

2-2 

2-37 

2^57 

2-82 

8^16 

8-60 

4^26 

6^36 

7^66 

^■28 

16  ^32 

2^2 

2-3 

2-47 

2-69 

2  96 

3^30 

3-77 

4^46 

5^62 

8^07 

10^80 

17^31 

2^3 

2-4 

2-68 

2  ■80 

3  ■OS 

3^44 

3-94 

4^87 

6  ■SO 

8^48 

11  ■ss 

18-33 

2^4 

2-5 

2-69 

2-92 

3^21 

3' 69 

411 

4^67 

6^16 

8^79 

1197 

19  ■SS 

2^5 

2-6 

2-80 

3-04 

3^34 

3^74 

4- 28 

5  ■OS 

6^42 

9^31 

12^67 

20^40 

2-6 

2-7 

2^91 

3-16 

3^47 

3^88 

4  ■65 

6^28 

6^69 

9^73 

13^17 

21^46 

2-7 

2-8 

3  01 

3-27 

3^60 

4^03 

4^62 

6^49 

6^97 

10^16» 

13^78 

22-62 

2-8 

2-9 

3^12 

3-39 

3^73 

4 '18 

4-79 

5-70 

7^24 

10-69 

14^40 

23  63 

2^9 

3-0 

3^23 

3-61 

3^86 

4^42 

4^96 

5-91 

7  ■62 

11-02 

16^03 

24-75 

3  0 

3-1 

3 -34 

3*63 

3^99 

4-47 

5-13 

6-12 

7^79 

11-46 

16^68 
1632 

3^1 

3-2 

3^45 

3-75 

4-13 

4^62 

5  30 

6-33 

8^07 

11-90 

is-^ 

32 

3-3 

3^65 

3^86 

4^26 

4^77 

5  ■48 

6^54 

8^36 

12-35 

16  ^97 

3^3 

3-4 

3^e6 

3  ■OS 

4^39 

4^92 

6^66 

6^75 

8^64 

12-80 

17^63 

izl 

3-4 

3-5 

3-77 

4-10 

4^62 

5^06 

6^82 

6^96 

8 '92 

13-26 

18^29 

3-5 

3-6 

3-88 

4^22 

4  65 

6-21 

6^00 

7^18 

9' 21 

13  ^71 

18-96 

-^s 

3  6 

3-7 

3-99 

4^34 

4-78 

5-36 

6^17 

7^39 

9^49 

14^18 

19-66 

oSS^ 

3^7 

3-8 

4-09 

4-46 

4-91 

6^51 

6^35 

7-60 

9^78 

14^66 

20-34 

foSo 

3-8 

3-9 
4-0 

4^20 
4  ■SI 

4-58 
4-69 

6-05 
6  18 

5^66 
6  ■SI 

6-62 
6-70 

7^82 
8^04 

10  07 
1036 

15.12 

3  ■a 

4^0 

15  ^59 

Dnha^the 
in  g  power 
of  equal 
All  reo- 
same  dis- 
as  trapcz< 
with  side 
or  other  si 
ice. 

4-1 

4^42 

4  ■SI 

6-31 

5^96 

6-87 

8^26 

W66 

16  ^07 

41 

4-2 

4^63 

4^93 

5-44 

611 

7-05 

8^47 

10-95 

16  ■65 

42 

4-3 

4^64 

(5^05 

6-67 

6^26 

7-23 

8^69 

11-25 

17^04 

4^3 

4^4 

4-74 

6^17 

6-71 

6-41 

7^40 

8^91 

11-66 

17^53 

S'g  £  0)  g  0  3  fl  ft 

44 

4-5 

4^85 

6'29 

6-84 

6-56 

7^68 

9^13 

11  ■se 

17^02 

4^5 

4-6 

4^96 

6^47 

6-97 

6^72 

7^76 

9^35 

12^15 

18^62 

4  6 

4-7 

6^07 

6  ■68 

6-10 

6^87 

7^94 

9^57 

12^46 

19  02 

4^7 

4^8 

5-18 

5  ■64 

6-24 

7^02 

812 

9^79 

12^75 

19^63 

4-8 

4-9 

5^29 

5  ■76 

6^37 

7^17 

8^29      10^02 

13^06 

20-04 

49 

6-0 

5^40 

5^88 

0-50 

7-33 

8^47      10^24 

13^37 

'  I's.ss^.seB 

6^0 

^  ,         1         _  prmarj/  Cliannel  in  the  oppoaiie 

juuje,  vuKen  mjeet;  ana  j]'om  the  coi'-responding  cquwalent  Channels,  also  taken  in  feet. 


III! 

Dischargea  in  cuWc  feet  per  minnte.    Interpolate  for  intermediate  falls  or  in- 

^   e^ 

clinations:  divide  Kreater  falls  or  inclinations  by  i,  and  double  the  correspond- 
ing: discharges.  If  the  dimensions  be  in  inches,  divide  the  discbarges  here  siren 
by  500;  if  in  tenths,  by  316;  if  ineighths.by  191;  if  in  sixths,  by  88:  ifinSftlis, 

.§ii« 

till 

s.|S-a 

4>  O  EO*" 

byS6;  if  in  quarters,  by  32;  if  in  thirds,  by  16-6;  and  if  In  halves,  by  S-66. 
Reverse  the  operation  and  multiply  for  like  multiples. 

i 

111 

4i 

lis 

If! 

11 

III 

ill 

■1 

110 

140 

176 

207 

235 

260 

284 

305 

346 

383 

-1 

•125 

157 

198 

260 

294 

332 

373 

402 

433 

490 

543 

■125 

■2 

325 

409 

516 

606 

686 

760 

828 

891 

1,009 

1,117 

-2 

■25 

455 

576 

726 

868 

966 

1,070 

1,166 

1,256 

1,422 

1,674 

•25 

•3 

601 

760 

967 

1,126 

1,275 

1,412 

1,639 

1,658 

1,876 

2,076 

•3 

•375 

844 

1,068 

1,344 

1,582 

1,793 

1,986 

2,162 

2,329 

2,637 

2,919 

■375 

■4 

931 

1,178 

1,484 

1,746 

1,977 

2,189 

2,386 

2,569 

2,900 

3,220 

■4 

•5 

1,308 

1,663 

2,081 

2,447 

2,776 

3,071 

3,347 

3,606 

4,083 

4,613 

-6 

■6 

1,721 

2,178 

2,743 

3,227 

3,657 

4,047 

4,410 

4,762 

6,401 

5,966 

■6 

■625 

1,830 

2,316 

2,917 

3,431 

3,887 

4,303 

4,690 

5,053 

5,796 

6,332 

■625 

■7 

2,177 

2,750 

3,463 

4,072 

4,614 
6,123 

5,109 

5,668 

5,999 

6,936 

7,616 

-7 

■75 

2,414 

3,029 

3,844 

4,520 

5,674 

6,180 

6,660 

7,667 

8,342 

■76 

•8 

2,660 

3,363 

4,236 

4,982 

6,646 

6,263 

6,811 

7,340 

8,309 

9,194 

•8 

•875 

3,044 

3,850 

4,846 

6,703 

6,468 

7,157 

7,770 

8,401 

9,513 

10,527 

■875 

•9 

3,176 

4,017 

5,060 

5,951 

6,743 

7,467 

8,082 

8,76.5 

9,926 

10,984 

•9 

1^0 

3,731 

4,711 

5,933 

6,973 

7,903 

8,750 

9,513 

10,273 

11,634 

12,877 

1-0 

1-125 

4,441 

6,614 

7,071 

8,313 

9,421 

10,480 

11,869 

12,216 

13,867 

15,347 

1125 

1-2 

4,889 

6,186 

7,791 

9,163 

10,881 

11,494 

12,521 

13,494 

16,280 

16,914 

1-3 

1-25 

5,207 

6,682 

8,291 

9,762 

11,048 

12,232 

13,336 

14,361 

16,261 

18,000 

1-35 

1^3 

5,629 

6,981 

8,793 

10,357 

11,718 

12,974 

14,146 

15,234 

17,246 

19,091 

1-3 

1-375 

6,004 

7,591 

9,561 

11,246 

12,784 

14,107 

15,386 

16,676 

18,752 

20,766 

1-375 

1-4 

6,167 

7,797 

9,821 

11,644 

13,087 

14,491 

16,794 

17,031 

19,262 

21,318 

1^4 

1-5 

6,844 

8,663 

10,898 

12,818 

14,624 

16,081 

17,623 

18,917 

21,376 

23,668 

1-5 

1-6 

7,538 

9,620 

12,002 

14,115 

16,994 

17,709 

19,296 

20,829 

23,639 

26,053 

1^6 

1-625 

7,705 

9,741 

12,272 

14,428 

16,348 

18,102 

19,724 

21,286 

24,061 

26,631 

1^625 

1-7 

8,262 

10,432 

13,139 

16,432 

17,509 

19,360 

21,126 

22,780 

25,769 

28,623 

1-7 

1-75 

8,617 

10,893 

13,719 

16,134 

18,282 

20,241 

22,060 

23,776 

26,907 

29,784 

1^75 

1-8 

8,993 

11,869 

14,318 

16,851 

19,079 

21,124 

23,024 

24,821 

28,081 

31,085 

1-8 

1-875 

9,561 

12,088 

15,226 

17,906 

20,287 

22,463 

24,476 

26,372 

29,860 

33,052 

1-875 

1-9 

9,741 

12,816 

15,515 

18,245 

20,672 

22,890 

24,946 

26,872 

30,426 

33,683 

1-9 

2-0 

10,515 

13,297 

16,753 

19,702 

22,820 

24,718 

26,936 

29,019 

32,862 

36,358 

2-0 

21 

11,307 

14,300 

18,020 

21,192 

23,991 

26,661 

29,074 

31,213 

36,334 

39,106 

3-1 

2-2 

12,110 

16,314 

19,297 

22,689 

26,708 

28,467 

31,024 

33,424 

37,838 

41,878 

3-3 

2-3 

12,935 

16,357 

20,608 

24,236 

27,456 

80,407 

33,134 

35,694 

40,410 

44,724 

33 

2^4 

13,781 

17,425 

21,954 

25,816 

29,260 

82,802 

35,299 

38,022 

43,048 

47,643 

2^4 

2-5 

14,647 

18,520 

23,332 

27,436 

81,087 

34,425 

37,516 

40,407 

45.760 

60,634 

2-6 

2-6 

15,538 

19,645 

24,747 

29,100 

82,974 

36,614 

39,794 

42,856 

48,626 

53,706 

2-6 

2-r 

16,430 

20,773 

26,167 

30,770 

34,867 

38,610 

42,078 

46,316 

51,311 

56,789 

2-7 

2-8 

17,333 

21,915 

27,606 

32,462 

36,784 

40,733 

44,890 

47,809 

54,131 

59,913 

3-8 

2-9 

18,267 

23,084 

29,076 

84,198 

38,744 

42,906 

46,765 

60,359 

67,017 

63,110 

3-9 

3-0 

19,203 

24^280 

30,581 

35,963 

40,750 

46,127 

49,175 

62,968 

69,968 

66,379 

3^0 

31 

20,167 

25,498 

32,120 

37,767 

42,794 

47,392 

61,640 

66,634 

62,980 

69,709 

3^1 

3-2 

21,146 

26,737 

33,673 

39,600 

44,871 

49,692 

64,148 

58,327 

66,033 

73,097 

32 

3-3 

22,118 

27,969 

35,225 

41,426 

46,939 

61,978 

66,640 

61,017 

69,077 

76,466 

33 

3-4 

23,106 

29,220 

36,t98 

43,275 

49,036 

54,302 

69,171 

63,745 

72,164 

79,879 

3^4 

3-5 

24,115 

30,497 

38,407 

45,166 

51,180 

56,676 

61,768 

66,534 

75,322 

83,371 

3  5 

3-6 

35,139 

31,796 

40,040 

47,086 

53,356 

59,084 

64,384 

69,366 

78,526 

86,915 

3-6 

3-7 

26,182 

33,116 

41,702 

49,041 

66,672 

61,682 

67,068 

72,249 

81,789 

90,524 

3-7 

S-8 

27,233 

34,446 

43,379 

61,013 

67,807 

64,009 

69,768 

76,168 

86,078 

94,162 

3^8 

3-9 

28,287 

36,777 

45,060 

62,989 

60,046 

66,489 

73,466 

78,061 

88,371 

97,810 

3-9 

4-0 

29,356 

37,128 

46,766 

64,994 

62,318 

69,006 

76,197 

81,012 

91,710 

101,512 

4  0 

4-1 

30,438 

38,495 

48,492 

67,024 

64,616 

71,563 

77,973 

83,999 

96,093 

106,259 

4-1 

4-2 

31,638 

39,884 

50,246 

59,086 

66,930 

74,141 

80,793 

87,033 

98,586 

109,065 

4^2 

4^3 

32,654 

41,294 

52,027 

61,180 

69,327 

76,769 

83,656 

90,116 

102,026 

112,930 

43 

4-4 

33,776 

42,712 

53,816 

63,283 

71,709 

79,406 

86,529 

93,209 

106,531 

116,811 

4^4 

4-5 

34,908 

44,138 

65,613 

65,394 

74,100 

82,052 

89,413 

96,318 

109,064 

120,709 

4-5 

4^6 

36,041 

46,579 

67,429 

67,627 

76,500 

84,735 

92,327 

99,460 

112,614 

124,647 

4-6 

4-7 

37,193 

47,034 

69,262 

69,682 

78,965 

87,426 

95,271 

102,632 

116,209 

138,635 

4-7 

4-S 

38,363 

48,514 

01,128 

71,874 

81,438 

90,173 

98,266 

105,860 

119,866 

132,672 

4-8 

4-9 

39,544 

50,009 

63,011 

74,087 

83,944 

92,946 

101,289 

109,119 

123,659 

186,758 

4-9 

6-0 

40,726 

51,607 

64,896 

76,298 

86,460 

95,720 

104,313 

112,376 

127,248  140,841 

5-0 

272  THE  BISCSAEGE  OF  WATER  FROM 

or  more  added  to  their  calculated  dimensions,  and 
larger  pipes  from  one-third  to  one-seventh  —  even 
after  making  allowance  for  junctions,  bends,  and  con- 
tractions. For  large  conduits  or  channels  the  allowance 
need  not  be  so  large,  if  the  maximum  quantity  to  be 
conveyed  has  been  duly  estimated. 


SECTION    X. 

EFFECTS  OF  ENLARGEMENTS  AND  CONTEACTIONS.   BACK- 
WATER WEIR  CASE. LONG  AND  SHORT  WEIRS. 

THE  SHANNON. 

When  the  flowing  section  in  pipes  or  rivers  expands 
or  contracts  suddenly,  a  loss  of  head  always  ensues ; 
this  is  probably  expended  in  forming  eddies  at  the 
sides,  or  in  giving  the  water  its  new  section.  A  side 
current,  moving  slowly  sometimes  upwards,  may  be 
frequently  observed  in  the  wide  parts  of  rivers,  when 
the  channel  is  unequal,  though  the  downward  current, 
at  the  centre,  be  pretty  rapid ;  and  though  it  may  be 
assumed  generally  that  the  velocities  are  inversely  as 
the  sections,  when  the  channels  are  uniform,  this 
cannot  properly  be  done  when  they  are  not,  and  the 

caused  by  the  large  quantity  of  lime  in  the  water.  He  was  curious  to 
see  what  would  he  the  effect  of  passing  water  without  lime.  This  was 
done  ten  or  eleven  years  ago,  and  the  result  was  that  these  mussels 
had  entirely  disappeared.  There  was  no  longer  anything  from  which 
they  could  make  their  shells,  and  for  years,  on  their  discharge,  the 
small  pipes  were  found  choked  with  them.  If  soft  water  were  supplied 
to  Dublin  in  place  of  the  present  hard  water,  which  probably  favoured 
the  growth  of  spongiUse,  they  would  probably  disappear."  This  has 
been  since  done,  and  Dublin  has  been  supplied,  from  the  Vartry,  with 
raost  satisfactory  results  as  to  quality,  quantity,  and  cost. 


ORIFICES,    WEIRS,   PIPES,  AND  RIVERS. 
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motions  so  uncertain  as  those  referred  to. 

pipe    is    contracted    by    a 

diaphragm  at  the  orifice  of 

entry,  Fig.  27,  it  was  shown 

(equation  60),  that  the  loss 

of  head  is, 


When  a 


(123.) 


h  = 


(-D--(4-P 


2^ 


When  the  diaphragm  is   placed  in   a  uniform  pipe, 
Fig.  36,  then  a  =  c,  and  the  loss  of  head  is 


(124.) 


h 


(-  - ')' 

2fir 


and  the  coefficient  of  resistance 

(125.)  d  =  (—  -  l)', 

as  in  equation  (67).  The  coefficient  of  discharge  c^  is 
here  equal  to  the  coefficient  of  contraction  €„  or  very 
nearly.  Now  it  is  shown  in  equation  (45),  and  the 
remarks  following  it,  that  the  value  of  the  coefficient 
of  discharge,  c^,  varies  according  to  the  ratio  of  the 

A 

sections,  -  ,*  and  in  Table  V.  we  have  calculated  the 

*  The  empirical  value  of  ct  as  given  by  Professor  Rankine,   is 
•618 


«.  =~? ;;2Vi.  which  is  equal  to  unity  when  os  =  a,   as  it 

(1  — -618^^ 

should  be  ;  and  equal  to  -618,  when  a  is  very  small,  compared  with  a, 
as  it  also  should  be  when  the  diaphragm  is  a  thin  plate,  hut  not  other- 
wise. If  the  thickness  of  the  diaphragm  be  twice  the  diameter  of  the 
orifice  a,  the  coefficient  of  discharge  would  be  -815  ;  and  if  the  higher 
arris  be  rounded,  this  would  be  increased  to  1,  in  which  cases  the  ex- 
pression would  clearly  fail ;  the  thickness  of  the  diaphragm  and  the 
form  of  the  aperture  a  must  also  be  considered.  t 
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new  coefficients  for  different  values  of  the  ratios,  and 
different  values  of  the  primary  coefficient  c^.  If  Ca, 
when  A  is  very  large  compared  with  a,  be  •628,  then 
by  attending  to  the  remarks  at  pp.  101  and  103,  it  is 
found,  that  the  different  values  of  Ca  corresponding  to 

•807  X  -,  taken  from  Table  V.,  are  those  in  columns 
a 

Nos.  2  and  5  of  the  next  small  table,  the  values  of  the 

TABLE  OF  COEFFICIENTS  FOK  CONTRACTION,    BY  A  DIAPHEAGM 
IN  A  PIPE. 


a 

a 

— 

Cd 

c. 

— 

Cd 

c. 

A 

A 

•0 

•628 

infinite 

•6 

•713 

^•790 

■1 

•630 

221^2 

•7 

•753 

•807 

•2 

•636 

47^1 

•8 

•807 

•301 

•3 

•647 

17-2 

•85 

•845 

•154 

■4 

•661 

1-1 

•9 

•890 

»-062 

■5 

■683 

3-7 

1 

1^000 

•000 

coefficient  of  resistance,  in  columns  3  and  6,  being 
calculated  from  equation  (125)  for  the  respective  new 
values  of  the  coefficient  of  discharge  thus  found.  The 
table  shows  that  when  the  aperture  in  a  diaphragm  is 
-r^ths  of  the  section  of  the  pipe,  that  47  times  the  head 
due  to  the  velocity  is  lost  thereby.  If  the  aperture  in 
the  diaphragm  be  rounded  at  the  arrises,  the  loss  will 
not  be  so  great,  as  the  primary  coefficient  c^  will  then 
be  greater  than  that  due  to  an  orifice  in  a  thin  plate  : 
see  the  Table  of  Coefeicients,  p.  169. 

When  there  are  a  number  of  diaphragms  in  a  tube,, 
the  loss  of  head  for  each  must  be  found  separately, 
and  aU  added  together  for  the    total  loss.      If  the 
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diaphragms,  however,  approach  each  other,  so  that 
the  water  issuing  from  one  of  the  orifices  a,  Fig.  36, 
shall  pass  into  the  next  before  it  again  takes  the 
velocity  due  to  the  diameter  of  the  pipe,  the  loss  will 
not  be  so  great  as  when  the  distance  is  sufficient  to 
allow  this  change  to  take  place.  This  view  is  fully 
borne  out  by  the  experiments  of  Eytelwein  with  tubes 
1"03  inch  in  diameter,  having  apertures  in  the  dia- 
phragms of  "61  inch  in  diameter. 

Venturi's  twenty-fourth  experiment,  with  tubes 
varying  from  '75  inch  to  •934  inch  in  diameter  at  the 
junction  with  the  cistern,  so  as  to  take  the  form  of 
the  contracted  vein,  and  expanding  and  contracting 
along  the  length  from  '75  to  2  inches  and  from  2 
inches  to  •75  inch  alternately,  shows  the  great  loss  of 
head  sustained  by  successive  enlargements  and  con- 
tractions of  a  channel,  even  when  the  junction  of  the 
parts  is  gradual.  Calling  the  coefficient  for  the  short 
tube,  with  a  junction  of  nearly  the  form  of  the  con- 
tracted vein,  1,  then  the  following  coefficients  are 
derivable  from  the  experiment : — 

Short  tube  with  rounded  junction       .        .        .I' 

One  enlargement 'lil 

Three  enlargements '569 

Five  enlargements "454 

Simple  tube  with  a  rounded  junction  of  the  same 
length,  36  inches,  as  the  tube  with  the  five 

enlarged  parts ^Se 

The  head,  in  the  experiment,  was  32J  inches.  Venturi 
states  that  no  observable  differences  occurred  in  the 
times  of  discharge  when  the  enlarged  portions  were 
lengthened  from  3-J-  to  6J  inches.  See  tables,  pp.  146 
and  199. 

T   2 
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With  reference  to  this  experiment,  so  often  quoted, 
it  is  necessary  to  remark  that  the  diameters  of  the 
enlarged  portions  were  2  inches  each,  while  the  lengths 
varied  only  from  3^  to  6J  inches,  and  consequently 
were  at  most  only  3^  times  the  diameter.     Now  with 

such  a  large  ratio  of  the 
width  to  the  length  of  the 
enlarged  portions,  osab  6, 
Fig.  37,  it  is  pretty  clear 
that  a  good  deal  of  the 
head  is  lost  hy  the  im- 
pact of  the  moving  water  on  the  shoulders  at  a  and  b. 
That  this  is  so  is  evident  from  the  fact,  stated  hy  the 
experimenter,  of  the  time  of  discharge  remaining  the 
same  when  a  A,  in  five  different  enlargements,  was 
increased  from-  3^  to  6J  inches ;  though  this  must 
have  lengthened  the  whole  tuhe  from  36  to  50  inches,* 
therehy  increasing  the  loss  from  friction  proportion- 
ately, but  which  happened  to  he  compensated  for  by 
the  reduction  in  the  resistances  from  inpact  at  a  and 
B,  and  in  the  eddies,  by  doubling  the  lengths  from  a 
to  A. 

If,  however,  the  length  from  a  to  a  be  very  large 
compared  with  the  diameter,  and  the  junctions  at  a, 
A,  B,  and  6,  be  well  grafted,  less  loss  wiU  arise  from 
the  enlargement  than  if  the  smaller  diameter  continued 
all  along  uniform.  The  explanation  is  clear,  as  the 
resistance  from  friction  is  inversely  as  the  square 
roots  of  the  mean  radii;   and  the  length  being  the 

*  The  dimensions  throughout  this  experiment  are  given  as  in  the 
original,  viz.,  in  French  inches. 
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same,  the  loss  must  be  less  with  a  large  than  a  small 
diameter. 

These  remarks,  mutatis  mutandis,  apply  equally  to 
rivers  as  to  pipes.  The  effects  of  submerged  weirs 
and  contracted  river  channels  has  been  already  pointed 
out  at  pp.  134  and  141,  and  formulae  given  for  calcu- 
lating them. 


BACKWATEE   FROM   CONTEACTIONS   IN   EIVERS. 

A  river  may  be  contracted  iu  width  or  depth,  by 
jetties  or  by  weirs ;  and  when  the  quantity  to  be  dis- 
charged is  known,  equations  from  which  the  increase 
of  head  may  be  found  are  given  in  formulae  (9),  (55), 
and  (57).  The  effect  of  a  weir,  jetty,  or  contracted 
channel  of  any  kind,  is  to  increase  the  depth  of  water 
above  ;  and  this  is  sometimes  necessary  for  navigation 
purposes,  or  to  obtain  a  head  for  null  power.  When 
a  weir  is  to  rise  ov6r  the  surface,  then  from  the  length, 
the  discharge  per  minute,  the  coefficient  due  to  the 
crest,  and  the  coefficient  due  to  the  ratio  of  the  sections, 
on  and  above  the  weir,  found  from  Table  V.,  the  head 
can  be  found  from  Table  "VT.  For  submerged  weirs 
and  contracted  widths  of  channel,  the  head  can  be  best 
calculated,  by  approximation,  from  the  equations  above 
referred  to. 

The  head  once  determined,  the  extent  of  the  back- 
water is  a  question  of  some  importance.  If  r  c  o  d. 
Fig.  38,  be  the  original  surface  of  a  river,  and  a  a  b  f 
the  raised  surface  by  backwater  from  the  weir  at  a,  then 
the  extent  a  f  of  this  backwater,  in  a  regular  channel, 
will  be  from  1'5  to  1'9  times  a  c  drawn  parallel  to  the 
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horizon  to  meet  the  original  surface  in  c.  This  rule 
will  be  found  useful  for  practical  purposes ;  but  in 
order  to  determine  more  accurately  the  rise  for  a  given 


length,  Bi  B2  or  Bj  B,,  of  the  channel,  it  is  necessary  to 
commence  at  the  weir  and  calculate  the  heights  from  a 
to  B,  B  to  Bi,  and  from  Bj  to  Eg  separately,  the  distance 
from  A  to  B2  being  supposed  divided  into  some  con- 
venient number  of  equal  parts,  so  that  the  lengths  a  b, 
B  Bi,  &c.,  may  be  considered  free  from  curvature.  Now, 
as  the  head  A  d  is  known,  or  may  be  calculated  by 
some  of  the  preceding  formulse,  the  section  of  the 
channel  at  the  head  of  the  weir  also  becomes  known, 
and  thence  the  mean  velocity  in  it,  by  means  of  the 
discharge  over  the  weir.  Putting  a  for  the  area  of  the 
channel  at  a  h,  d  for  its  depth  a  h,  and  v  for  the  mean 
velocity ;  also  Ai  for  the  area  of  the  channel  at  b  i,  cZj 
for  its  depth,  and  v^  for  its  mean  velocity;  6^  the 
mean  border  between  the  sections  at  a  h  and  bi;  r^ 


the  mean  hydraulic  depth ; 


V  + 


the  mean  velocity ; 


A  D  =  /i ;  B  o  =  fej ;  the  sine  of  angle  0  d  e  =  s ;  and 
the  length  A  b  =  d  0  nearly  =  Z ;  we  get  a  X  t>  =  Ai 

X  Vi  and  v  =  ^ ;  but  as,  in  passing  from  b  to 

A,  the  velocity  changes  from  «i  to  v,  there  is  a  loss  of 
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2  .2 

head  equal  -^^ — ,  and  if  c,  be  the  coefficient  of  fric- 
tion,  there  is  a  loss  of  head  from  this  cause  equal  C(  x 

~  ^  — n ;  hence  the  whole  change  of  head  in 

'  m  ^  g 

passing  from  b  to  A  is  equal  to  c*  X  —  X      ^  ^  ^'    — 

^    qy^ 

—- .     But  this  change  of  head  is  equal  to  b  e  —  a  d 

2g 

=  BO  +  OE  —  AD  =  fti  +  Zs  —  fe,  whence 

(126.)        K-h  =  di-d  =  Cty.  -  X  (3^+J^ 

rra  89 

—  Is; 


2^ 


or  as  Vi  —  — ,  and  r^  =  S   hy  a  few  reductions 

and  change  of  signs, 

(127.)    h-h,  =  ^s  -c,xb^x  ^^  X  ^)  I 

a!  2/ 

and  therefore 

h-hi -^  X  — 

s-c,x  ^^^,      ^^x^ 

from  which  the  length  I  corresponding  to  any  assumed 
change  of  level  between  a  and  b  can  be  calculated. 
Then,  by  a  simple  proportion  the  change  of  level  for 
any  smaller  length  can  be  found.  To  find  the  change 
of  level  directly  from  a  given  length  does  not  admit  of 


280  THE  DISCSAEGE  OF  WATER  FMOM 

a  direct  solution,  for  the  value  of  h  —  hi  in  equation 
(127)  involves  Ai,  which  depends  again  on  7i  —  h^  and 
further  reduction  leads  to  an  equation  of  a  higher 
order ;  hut  the  length  corresponding  to  a  given  rise, 
hi,  is  found  directly  by  equation  (128). 

"When  the  width  of  the  channel,  w,  is  constant,  and 
the  section  equal  to  w  X  d  nearly,  the  above  equations 
admit  of  a  farther  reduction  for  Ai  =  diW  and  A  =  dw, 
by  substituting  these  values  in  equation  (127)  it  be- 
comes, after  a  few  reductions, 
(129.)    h  -hi  =  d-  di 

-  (s-c,xb  x^±^x  ^V  +  ^^  X   ^  • 
or,  as  it  may  be  further  reduced, 

{160.)      h-hi-  d  +  di        ^  ^'" 

Now,  in  this  equation,  for  all  practical  purposes, 
d  +  d,  ^      b^  _  _&_ 
2  di        diW       dw' 
approximately,  b  being  the  border  of  the  section  at 
d  +  di  _  2 
df      ""  d' 
fore 


A  H ;    and   also,  — -z^  =  -,  approximately,    there- 


—  Ct  X  -T—  x 

dw 


(lai.) 

and 
(132.) 

h  —  hi—               2        ^2            X  I; 
,      (^-A.)x(l-|xJ^J 

s  -  cj  X  ^—  X  ~ 
dw       2g 
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Now,  as  T —  =  _  2  fl  =  64-4,  and  the  mean  value  of 
aw       r 

the  coefficient  of  friction  for  small  velocities  Cf  =  '0078, 

then 

64-4  ds- -0078 -«;2 


(133.)     hi 

^            64-4d-2«^        ^^' 

and 

(134.) 

J      Qi  -  h{j  X  (64-4  d-2iy') 

64-4  ds- -0078 -c^ 
r 

very  nearly.  Haviag  by  means  of  these  equations 
found  A  B  from  b  o  or  b  e,  and  b  o  from  a  b,  we  can  in 
the  same  manner  proceed  up  the  channel  and  calculate 
Bi  c,  B2  Ci,  &c.,  until  the  points  b,  Bi,  b^  in  the  curve 
of  the  backwater  shall  have  been  determined,  and  until 
the  last  nearly  coincides  with  the  original  surface  of 
the  river.     When  hi  =  0,  then 

64-4  ds- -0078 -t;^ 
r 

^  =         64-4  d-Zir'       ^  ^■ 

If  equation  (134)  be  examined,  it  appears  that  when 
64*4  d  =  2  f ^  I  must  be   equal  to  zero ;    or  when 

—  = -,  ,  equal  the  height  due  to  the  velocity  v.  When 

2       64-4'   "1  s  ^ 

I  is  infinite,  64*4  d  must  exceed  2  i^,  and  64*4  d  s  equal 

to -0078  -»^; 
r 

or,  ^ttSJ  =  1^,  and  v  =  90-9  VTs. 


•0078 

This  is  the  velocity  due  to  friction  in  a  channel  of  the 
depth  d,  hydraulic  mean  depth  r,  and  inclination  s ; 
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and,  as  in  wide  rivers  r  =  d  nearly,  »  =  90"9  V  d  s, 
but  when  the  numerator  was  zero  we  had  from  it 
V  =  ^  82"2  d ;  equating  these  values  oi  v,  s  =  '0039 
=—  nearly  :  see  p.  133.     Now,  the  larger  the  fraction 

s  is,  the  larger  will  the  velocity  v  become ;  and  the 
larger  v  bepomes,  the  more  nearly,  in  all  practical  cases, 
will  the  terms 

64-4  d  -  2  «;2  and  64-4  d  s  -  -0078  -  t?, 

r 

in  the  numerator  and  denominator  of  equation  (134), 

approach  zero  ;  when  64'4  cJ  —  2  »^  becomes  zero  first, 

1  =  0;  when  64*4  ds  —  '0078  -  i^  becomes  zero  first, 

r 

I  equals  infinity ;  and  when  they  both  become  zero  at 
the  same  time,  I  ^  h  —  hi,  and  s  =  —  :   see  p.  133 ; 

if  s  be  larger  than  this  fraction,  the  numerator  in  equa- 
tion (134)  will  generally  become  zero  before  the  denomi- 
nator, or  negative,  in  which  cases  I  will  also  be  zero, 
or  negative ;  and  the  backwater  wiU  take  the  form  f 
C2  62  ^1  ^  %  C')  I'ig-  38,  with  a  hollow  at  Cj.  Bidone 
first  observed  a  hollow,  as  f  Cj  &2)  when  the  inclination 

s  was  — .     When  the  inclination  of  a  river  channel 

30 

changes  fi'om  greater  to  less,  the  velocity  is  obstructed, 
and  a  hollow  similar  to  f  Ca  62  sometimes  occurs. 
When  the  difference  of  velocity  is  considerable,  the 
upper  water  at  62  falls  backwards  towards  C2  and  f,  and 
forms  a  bore,  a  splendid  instance  of  which  is  the  poro- 
roca,  on  the  Amazon,  which  takes  place  where  the 
inclination  of  the  surface  changes  firom  six  inches  to 
one-fifth  of  an  inch  per  mile,  and  the  velocity  from 
about  22  feet  to  4^  feet  per  second. 
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WEIE    CASE,    LONG  AND    SHORT   WEIES. 

When  a  channel  is  of  very  unequal  widths,  above  a 
weir,  the  following  simple  method  of  calculating  the 
backwater  will  be  found  sufficiently  accurate,  and  the 
results  to  agree  with  observation.  Having  ascertained 
the  surface  fall  due  to  friction  in  the  channel  at  a  uni- 
form mean  section,  add  to  this  fall  the  height  which  the 
whole  quantity  of  water  flowing  down  would  rise  on  a 
weir  having  its  crest  on  the  same  level  as  the  lower  weir, 
and  of  the  same  length  as  the  width  of  the  channel  in  the 
contracted  pass.  The  sum  will  be  the  head  of  water  at 
some  distance  above  such  pass  very  nearly.  A  weir  was 
fonnerly  constructed  on  the  river  Blackwater,  at  the 
bounds  of  the  counties  Armagh  and  Tyrone,  half  a 
mUe  below  certain  mills,  which,  it  was  asserted,  were 
injuriously  affected  hy  backwater  thrown  into  the 
wheel-pits.     The  crest  of  the  weir,  220  feet  long,  was 

2  feet  6  inches  below  the  pit ;  the  river  channel  between 
varied  £i-om  50  and  57  feet  to  123  feet  in  width,  from  1 
foot  to  14  feet  deep  ;  and  the  fall  of  the  surface,  with 

3  inches  of  water  passing  over  the  weir  and  the  sluices 
down,  was  nearly  4  inches  in  the  length  of  half  a  mile. 
Having  seen  the  river  in  this  state  in  summer,  the 
Author  had  to  calculate  the  backwater  produced  by 
different  depths  passing  over  the  weir  in  autumn  and 
winter,  which  in  some  cases  of  extraordinary  floods 
were  known  to  rise  to  3  feet.  The  width  of  the 
channel  about  60  feet  above  the  weir  averaged  120  feet. 
The  width,  2050  feet  above  the  weir  and  550  feet  below 
the  miUs,  was  narrowed  by  a  slip  in  an  adjacent  canal 
bank,  to  45  feet  at  the  level  of  the  top  of  the  weir,  the 
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average  width  at  this  place  as  the  water  rose  being  55 
feet.  The  channel  above  and  below  the  slip  widened 
to  80  and  123  feet.  Between  the  mills  and  the  weir 
there  were,  therefore,  two  passes ;  one  at  the  slip, 
averaging  55  feet  wide  ;  another  above  the  weir,  about 
120  feet  wide.  Assuming  as  above,  that  the  water  rises 
to  the  heights  due  to  weirs  65  and  120  feet  long,  at 
these  passes,  then,  by  an  easy  calculation,  or  by  means 
of  Table  X.,  the  heads  in  columns  two  and  four  of  the 
table  on  the  next  page  were  found,  corresponding  to  the 
assumed  ones  on  the  weir,  given  in  the  first  column. 

As  the  length  of  the  river  was  short,  and  the  hydrauhc 
mean  depth  pretty  large,  the  faU  due  to  friction  for"  60 
feet  above  the  weir  was  very  small,  and  therefore  no 
allowance  was  made  for  it ;  even  the  distance  to  the 
sHp  was  comparatively  short,  being  less  than  half  a 
mile,  and  as  the  water  approached  it  with  considerable 
velocity,  this  was  conceived,  as  the  observations  after- 
wards showed,  to  be  a  sufficient  compensation  for  the 
loss  of  head  below  by  friction.  The  observations  were 
made  by  a  separate  party,  over  whom  the  Author  had 
no  control,  and  it  is  necessary  to  remark,  that  with  the 
same  head  of  water  on  the  weir,  they  often  differed 
more  from  each  other  than  from  the  calculation.  This, 
probably,  arose  from  the  different  directions  of  the 
wind,  and  the  water  rising  during  one  observation,  and 
falling  during  another. 

The  true  principle  for  determining  the  head  at  g, 
Fig.  39,  apart  from  that  due  to  friction,  is  that  pointed 
out  at  pp.  136  and  141,  but  when  the  passes  are  very 
near  each  other,  or  the  depth  dr^.  Fig.  23,  is  smaU,  the 
effect  of  the  discharge  through  d^  is  inconsiderable  in 
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reducing  the  head,  as  the  contraction  and  loss  of  vis- 
viva  are  then  large,  and  the  head  di  becomes  that  due 
to  a  weir  of  the  width  of  the  contracted  channel  at  a, 
nearly.     The  reduction  in  the  extent  of  the  backwater, 

TABLE   OF   CALCULATED  AND  OBSERVED  HEIGHTS  ABOVE  M'KEAN's 
WEIR,   NEAR  BENBURB,    OS  THE  RIVER  BLACKWATEE. 


Heights  at 
M'Kem's 

Heights  60  feet  above  the 
weir  channel  120  feet  wide. 

Heights  2050  feet  above 

the  weir  chiinnel  66  feet 

wide ;  average. 

weir  220  feet 

long, 

in  meties. 

Calculated 

Ohaerved " 

Calculated 

Observed 

inches. 

inches. 

inches. 

inches. 

2 
3 

2i 

2i 

4i 

54 

"k 

"74 

"7 

4 

■  6 

10 

9 

g 

74 

124 

Hi 

6 

9 

9 

15 

16i 

7 

104 

104 

174 

181 

8 

12 

... 

20 

204 

9 

134 

124 

224 

20| 

10 

15 

24J 

20 

11 

164 

271 

24 

12 

18 

17 

30i 

31 

13 

194 

184 

32| 

33 

15 

22J 

21 

371 

40 

18 

27 

25 

45i 

46 

21 

314 
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53 

54 

24 

36 

34 

604 

62 

by  lowering  the  head  on  a  longer  weir,  is  found  by 
taking  the  difference  of  the  amplitudes  due  to  the  heads 
at  g,  Fig.  39,  in  both  cases,  as  determined  from  equa- 
tions (56),  (128),  et  seq.  This  wiU  seldom  exceed  a 
mile  up  the  river,  as  the  surface  iucHnation  is  found  to 
be  considerably  greater  than  that  due  to  mere  friction 
and  velocity,  and  hence  the  general  failure  of  drainage 
works  designed  on  the  assumption  that  the  lowering 
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of  the  head  helow,  by  means  of  long  weirs,  extends  its 
effects  all  the  way  up  a  channel.  It  is  necessary  to 
treble  the  length  of  a  weir  before  the  head  passing  over 
can  be  reduced  by  one-half,  Table  X.,  even  supposing 
the  circumstances  of  approach  to  be  the  same  :  surely 
several  engineering  appliances  for  shorter  weirs,  during 
periods  of  flood,  would  be  found  far  more  effective  and 
much  less  expensive  than  this  alternative,  with  its 
extra  sinking  up  channel  and  enlarged  weir  basia  for 
drainage  piu-poses.* 

The  advocates  for  the  necessity  of  weii'S  longer  than 
the  width  of  the  channel,  for  drainage  purposes,  must 
show  that  the  reduction  of  the  head  and  extent  of 
backwater  above  g,  Fig.  39,  is  not  small,  and  that  the 
effects  extend  the  whole  way  up  the  channel,  or  at  least 
as  far  as  the  district  to  be  benefited.  Practice  has 
heretofore  shown,  that  long  weirs  have  failed  (unless 
after  the  introduction  of  sluices  or  other  appliances)  in 
producing  the  expected  arterial  drainage  results,  not- 
withstanding the  increased  leakage  from  increased 
length,  which  must  accompany  their  construction. 

The  deepening  in  the  weir  basin  a  6  b  e  a  is  mostly 
of  use  in  reducing  the  surface  inclination  between  a  h 
and  A  B  by  increasing  the  hydraulic  mean  depth ;  but, 
thereby,  the  velocity  of  approach  is  lessened,  and  there- 
fore the  head  at  e  increasedo    When  the  length  of  a 

*  "Wien  tliis  was  first  wiitten,  in  1849,  the  Author  was  not 
accLuainted  with  the  good  common  sense  appliances  of  moveable  weirs 
used  by  the  French,  which  raised  the  levels  at  low  water  to  admit  of 
navigation  ;  and  being  removed,  or  falling  level  with  the  bottom  bed 
in  floods,  permitted  the  full  drainage  of  the  upper  riparian  lands,  when 
most  required. 
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weir  basin  a  e  exceeds  that  point  where  these  two  op- 
posite effects  balance  each  other,  there  will  be  a  gaia 
by  the  difference  of  the  surface  inclinations  in  favour  of 
the  long  weir  :  but  unless  a  e  exceeds  half  a  mile,  this 
difference  cannot  amount  to  more  than  one  or  two 
inches,  unless  the  river  be  very  small  indeed ;    and  if 


the  channel  he  sunh  for  the  long  iveirs  b  a  or  b  Oi,  it 
should  also  be  sunk  to  at  least  the  same  depth  and  extent 
for  the  short  weirs  b  e,  b  a,  otherwise  there  is  no  fair 
comparison  of  their  separate  merits.  The  effect  of  the 
widening  between  a  b  and  a  b,  the  depth  being  the 
same,  is  also  to  reduce  the  surface  inclination  from  a 
to  E ;  but,  as  before,  unless  a  e  be  of  considerable 
length,  this  gain  wiU.  also  be  small.  Now  a  b,  at  best, 
is  but  a  weir  the  direct  width  of  the  new  channel  at 
A  B,  and  if  the  length  a  e  be  considerable,  there  is  an 
entirely  new  river  channel  with  a  direct  weir  at  the 
lower  end,  and  the  saving  of  head  effected  arises  en- 
tirely from  the  larger  channel,  with  as  it  were  a  direct 
transverse  weir  at  the  lower  end. 

By  referring  to  Table  VIII.,  it  will  be  found  that 
for  a  hydraulic  mean  depth  of  5  feet  a  fall  of  Tg-  iaches 
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per  mile  mil  give  a  velocity  of  2  feet  per  second ;  if 
of  double  the  depth,  a  fall  of  4  inches  will  give  the 
same  velocity ;  and  for  a  depth  of  only  2  feet  6  inches, 
a  fall  of  12J  inches  is  necessary.  This  is  a  velocity 
much  larger  than  we  have  ever  observed  in  a  deep 
weir  basin,  yet  it  is  easily  perceived  that  the  difiference 
in  the  inclinations  for  a  short  distance,  e  a  of  a  few 
hundred  feet,  must  be  small.  If  one  section  be  double 
the  other,  the  hydraulic  mean  depth  remaining  con- 
stant, the  velocity  must  be  one-half,  and  the  fall  per 
mile,  one-fourth,  nearly.  This  would  leave  7^  —  2 
=  5J  inches  per  mUe,  or  1  inch  per  1000  feet  nearly, 
as  the  gain  with  a  hydraulic  mean  depth  of  5  feet  for 
a  double  water  channel.  For  greater  depths  the  gain 
would  be  less,  and  the  contrary  for  lesser  depths. 

Is  the  saving  of  head  and  amplitude  of  backwater 
here  estimated  worth  the  increased  cost  of  long  weirs 
and  the  consequent  necessity  and  expense  of  sinking 
and  widening  the  channels  for  such  long  distances  ? 
Certainly  not ;  indeed,  any  extra  sinking  in  the  basin 
immediately  at  the  weir  is  absolutely  injwrious  by 
destroying  the  velocity  of  approach,  and  increasing  the 
contraction.  The  gradual  approach  of  the  bottom 
towards  the  crest,  shown  by  the  upper  dotted  line 
6  E  in  the  section,  Fig.  39,  and  a  sudden  overfall,  wiU 
be  found  more  effective  in  reducing  the  head,  unless 
so  far  as  leakage  takes  place,  that  any  depth  of  sinking 
for  nearly  80  or  100  feet  above  long  weirs. 

In  most  instances,  the  extra  head  will  be  only  per- 
ceived by  an  increased  surface  inclination,  which  may 
extend  for  a  mile  or  more  up  the  channel,  according 
to  the  sinking  and  widening. 
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It  is  a  general  rule  that,  for  shorter  weirs,  the  co- 
efficients of  discharge  decrease ;  this  arises  from  the 
greater  amount  of  lateral  contraction,^,  and  is  more 
marked  in  notches  or  Poncelet  weirs,  than  for  weirs 
extending  from  side  to  side  of  the  channel ;  but  for 
weirs  exceeding  10  feet  in  length  the  decrease  in  the 
coefficients  from  this  cause  is  immaterial,  unless  the 
head  passing  over  bear  a  large  ratio  to  the  length  ; 
and  it  may  be  seen  from  the  coefficients,  page  68, 
derived  from  Mr.  Blackwell's  experiments,  that  with 
10  inches  head  passing  over  a  2-inch  plank,  the  co- 
efficient for  a  length  of  3  feet  was  '614 ;  for  a  length 
of  6  feet  -539;  and  for  a  length  of  10  feet  "534; 
showing  a  decrease  as  the  weir  lengthens,  but  which 
may,  in  the  particular  cases,  be  accounted  for.  Other 
circumstances  which  modify  the  coefficients  were  before 
referred  to,  yet  it  may  be  assumed  generally,  without 
any  error  of  practical  value,  that  the  coefficients  are 
the  same  for  different  weirs  extending  from  side  to 
side  of  a  river.  If,  then,  w  and  Wi  he  put  for  the 
lengths  of  two  such  weirs,  the  relation  of  the  heads  d 
and  di  for  the  same  quantity  of  water  passing  over  is 
given  by  the  following  proportion  : — 

7     7  a       a 

a  :  di  : :  w^  :  w^ ; 

and  therefore 

(135.)  d,  =  {^y  X  d. 

By  means  of  this  equation,  Table  X.  has  been  calcu- 
lated :  the  ratio  —  being  given  in  columns  1,  3,  5  and 

7,  and  the  value  of  ( —  r  ,  or  the  coefficient  by  which 

\Wi/ 
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d  is  to  be  multiplied,  to  find  di  in  columns  2,  4,  6  and 
8.  It  appears  also,  that  if  the  heads  passing  over  any 
weir  in  a  river  he  taken  in  an  arithmetical  progression, 
the  heads  then  passing  over  any  other  weir  in  the  same 
river  must  also  he  in  arithmetical  progression,  unless 
the  quantity  flowing  down  varies  from  erogation  or 
supply,  such  as  drawing  off  hy  millraces,  dc.  If  c^  be 
the  coefficient  for  a  direct  weir,  "94  c^  will  answer  for 
an  obliquity  of  45°,  and  '91  c^  for  an  angle  of  65°. 

In  the  first  edition  of  this  work  though  not  speciaUj- 
mentioned,  the  observations  on  this  subject  had  general 
reference  to  the  weirs  constructed  across  the  Shannon 
at  Killaloe,  Meelick,  and  Athlone,  and  elsewhere. 
Since  then  the  failure  of  these  works  is  admitted  by 
all,  although  previously  the  author  stood  alone  in  as- 
serting that  they  should  fail.  To  expect  that  lowering 
the  head  by  extending  the  weir  would  extend  its 
results  for  miles  up  the  river,  showed  ignorance  of  the 
first  principles  of  river-engineering;  but  when  the 
surface  was  shown  actually  level;  on  the  sections  from 
Killaloe  to  Meelick,  and  Meelick  to  Athlone  on  distances 
of  32  miles,  and  27  mUeS;  without  any  fall  to  give 
velocity  to  and  convey  off  the  waters  something  like 
wonder  must  be  felt.*  The  French  had  and  have 
several  expedients  for  keeping  up  the  summer  levels, 
aU  founded  on  one  sound  principle,  viz. :  the  removal 
of  these  obstructions  before  and  during  floods.  In 
Les  Barrages  a  Hausses  Mohiles,\  the  separate  panels  or 
*  See  Plan  39,  Second  Report,  and  Plans  Nos.  12  and  13  in  Fourth 
Report  of  the  Shannon  Commissioners. 

■(■  FideM^moire  sur  les  harrages  a  Hausses  Mobiles  par  MM.  Chanoine 
ingtoieur  en  chef  et  De  LagrSne,  ingenieur  ordinaire  des  ponts  et 
chaugses,  Paris,  1862. 
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doors  of  which  the  weir  is  made  up,  are  laid  lying  at 
the  bottom,  during  floods  ;  admitting  the  free  naviga- 
tion of  the  main  channel.  These  are  raised  in  summer, 
and  the  navigation  carried  on  by  means  of  a  lateral 
lock.  When  the  navigation  of  the  main  channel 
cannot  be  maintained  at  any  time,  sluices  which  lift 
entirely  out  of  the  water  are  perhaps  best,  as  they  can, 
for  most  rivers,  be  made  up  to  30  feet  in  width,  as  in 
patent  of  Mr.  F.  G.  M.  Stoney.  The  advantage  of 
both  these  designs  is,  that  the  fall  at  the  site  is  avail- 
able in  full,  not  only  to  discharge  the  water  freely 
through  its  own  depth,  but  also  to  give  extra  velocity 
and  discharge  to  the  under  water  thence  down  to  the 
bottom,  as  in  Fig.  22,  if  the  weir  were  removed.  The 
use  of  the  syphon  (see  equations  (154  to  154  h)  infra,) 
assumes  the  necessity  for  the  fixed  weir;  but  this 
appliance  can  at  no  time  discharge  a  greater  amount 
of  water  than  that  due  to  the  head  or  difference  of 
levels,  but  always  less ;  and  it  has  no  effect  in  increas- 
ing the  discharge  between  the  lower  surface  of  the 
water  and  the  bottom,  which  both  the  other  designs 
have,  and  very  considerably  augment.    See  Section  V. 


SECTION  XL 

BENDS     AND      CUKVES.  BRANCH     PIPES. DIFFEEENT 

LOSSES    OF   HEAD. GENERAL   EQUATION   FOE  FIND- 
ING THE  VELOCITY. HYDROSTATIC  AND  HYDRAULIC 

PRESSURE. PIEZOMETER. SYPHONS. 

The  resistance  or  loss  of  head  due  to  bends  and 
curves  has  now  to  be  considered.      If  a  bent  pipe, 

u  2 


292 


THE  DISCHARGE  OF  WATER  FROM 


F  B  c  D  E  G,  Fig.  40,  be  fixed  between  two  cisterns,  so 

as  to  be  capable  of 
revolving  round  in 
collars  at  f  and  g, 
the  time  the  water 
takes  to  sink  a  given 
distance  from  /  to 
F  in  the  upper  cis- 
tern is  found  to  be  the  same,  whether  the  tube  occupy 
the  position  shown  in  the  figure  or  the  horizontal 
position  shown  by  the  dotted  line  Fbe dea.  This 
shows  that  the  resistances  due  to  friction  and  to  bends 
are  independent  of  the  pressure.  If  the  tube  were 
straight,  the  discharge  would  depend  on  the  length, 
diameter  and  difference  of  level  between  /  and  g,  and 
may  be  determined  from  the  mean  velocity  of  discharge, 
found  from  Table  VIII.  or  equation  (79).  Here, 
however,  it  is  necessary  to  take  into  consideration 
the  loss  sustained  at  the  bends  and  curves,  and 
our  illustration  shows  that  it  is  unaffected  by  the 
pressure. 

The  experiments  of  Bossut,  Du  Buat,  and  others, 
show  that  the  loss  of  head  from  bends  and  curves — 
like  that  from  friction — increases  as  the  square  of  the 
velocity;  but  when  the  curves  have  large  radii,  and 
the  bends  are  very  obtuse,  the  loss  is  very  small. 
With  a  head  of  nearly  3  feet,  Venturi's  twenty-third 
experiment,  when  reduced,  gives — for  a  short  straight 
tube  15  inches  long,  and  IJ  inch  in  diameter,  having 
the  junction  of  the  form  of  the  contracted  vein  Tery 
nearly  '873  for  the  coefficient  of  discharge.  When  of 
the  same  length  and  diameter,  but  bent  as  in  Diagram 
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I.,  Fig.  40,  the  coefficient  is  reduced  to  "785 ;  and 
when  bent  at  a  right  angle  as  at  h,  Fig,  40,  the  co- 
efficient is  further  reduced  to  *560.  In  these  respec- 
tive cases  we  have  therefore  * 


1-  V  =  -873  \/  2g  h,  and  h  =  1-312  X  g- 

2.         v  =  '785  V  2  fl  7i,  and  A  -  1-623  x  ^ 

J 

3-         v  =  -560  V^gh,  and  h  =  3-188  X  s- 

^9 

showing  that  the  loss  of  head  in  the  tube  h,  Fig.  40, 

from  the  bend,  is  1-876  X  -— ,  or  nearly  double  the 

^9 
theoretical  head  due  to  the  velocity  in  the  tube.     The 

loss  of  head  by  the  circular  bend  is  only  "311^  , 

or  not  quite  one -sixth  of  the  other. 

Mr.  Mallet's  experiments  with  a  syphon  tube  6"  X 
IJ",  about  3  feet  long,  suited  for  weir-crests  and  a 
straight  tube  of  the  same  dimensions  every  way  gives 
coefficients  from  -860  to  '874  due  to  the  bend. 

Du  Buat  deduced,  from  about  twenty-five  experi- 
ments, that  the  head  due  to  the  resistance  in  any  bent 
tube  ABCDEFGH,  diagram  1,  Fig.  41,  depends  on 
the  number  of  deflections  between  the  entrance  at  a 
and  the  departure  at  h;  that  it  increases  at  each 
deflection  as  the  square  of  the  sine  of  the  deflected 

*  It  is  stated  that  the  time  necessary  for  the  discharge  of  a  given 
quantity  of  water  through  a  straight  pipe  heing  1,  the  time  for  an 
equal  quantity  through  a  curve  of  90'  would  be  I'll,  with  a,  right 
angle  1-57  ;  two  right  angles  would  increase  the  time  to  2"464,  and  two 
■curved  junctions  to  only  1-23.  Vide  Eepokt  on  the  Supply  of 
Water  to  the  Metp-opolis,  p.  237,  Appenpix  No.  3. 
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angle,  abe  for  instance,  and  as  the  square  of  the 
velocity;  and  that  if  ^,  <^i,  (j)^,  <f>3,  &c.,  be  the  number 
of  degrees  in  the  angles  of  deflection  at  b,  c,  d,  e,  &c., 


then  for  measures  in  French  inches  the  height  h^,  due 

to  the  resistance  from  curves,  is 

noiR\       h  _«'Xsia.^^  +  sin.''^i  +  sin.^<^2+sin.^^3+&c.) 
Udb.j       ftb 3000 

which  for  measures  in  English  inches  becomes 
/lorrN       7,   _«^(sin.V  +  sin.^^i+sin.^02+sin.V3+&c.) 

(137.)  K gjg^^ 

and  for  measures  in  English  feet, 

nQa^       i,  _'J^(sin.^(/)  +  sui.Vi+sin.V2  +  sui.V3+ &c.) 
(1^«0       Ih. 266^4 

or,    as  it  may  be   more   generally  expressed  for   all 

measures, 

(139.)     7ib  =  {sm.^4>  +  sin.2^1  +  sm.V2  +  sin.  ^3  +  &c.) 

=   -00375  ^  in 


X ,  in  ■which 


8-27  cj 


8-27  g       266-4 


feet. 

■  The  angle  of  deflection,  in  the  experiments  from 
which  equation  (136)  is  derived,  did  not  exceed  36°. 
It  has  already  been  shown  that  the  loss  of  head  from 
the  fiircnlar  bend  in  diagram  I.,  Fig.  40,  where  the 
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angle   of    deflection    is    nearly  45°,   is  "Sll  -~—   = 

•00483  «^  but  as  the  sin.  45°  =  '707 ;  sin.246°  =  '5 
then  -00483  v^  —  -00966  v^  X  sin.^  45°,  or  more  than 
two  and  a  half  times  as  much  as  Du  Buat's  formula 
would  give ;  and  if  it  be  compared  with  Eennie's 
experiments,*  with  a  pipe  15  feet  long,  J  inch  diameter, 
bent  into  15  curves,  each  3J  inches  radius,  it  would  be 
found  that  the  formula  gives  a  loss  of  head  not  much 
more  than  one  half  of  that  which  may  be  derived  from 
the  observed  change,  '419  to  "370  cubic  feet  per 
minute  ia  the  discharge.     See  p.  298. 

Dr.  Young  t  first  perceived  the  necessity  of  taking 
into  consideration  the  length  of  the  curve  and  the 
radius  of  curvature.  In  the  twenty-five  experiments 
made  by  Du  Buat,  he  rejected  ten  in  framing  his 
formula,  and  the  remaining  fifteen  agreed  with  it  very 
closely.  Dr.  Young  found 
,.  ,„,  .  ,  -0000045  A  pi  X  v^ 

(140.)  ftb  = y^ ; 

where  (f)  is  the  number  of  degrees  in  the  curve  n  p, 
diagram  2,  Fig.  41,  equal  the  angle  nop;  p  =  o  n 
the  radius  of  curvature  of  the  axis ;  h^,  the  head  due 
to  the  resistance  of  the  curve,  and  v  the  velocity,  all 
expressed  ia  French  inches.  This  formula  reduced 
for  measures  in  English  inches  is 

/-,.-,  N              T.       -0000044 ^ps  X  t^, 
(141 .)  K  = j^ ' 

and  for  measures  in  English  feet, 

*  PhUosophical  Transactions  for  1831,  p.  438. 

+  Philosophical  Transactions  for  1808,  pp.  173—175. 
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(142.)  K  -  -000006 '^P^x^ 

P 
Equation  (140)  agrees  to  -jVth  of  the  whole  with 
twenty  of  Du  Buat's  experiments,  his  own  formula 
agreeing,  so  closely,  with  only  fifteen  of  them.  The 
resistance  must  evidently  increase  with  the  number 
,of  bends  or  curves  ;  but  when  they  come  close  upon, 
and  are  grafted  into  each  other,  as  in  diagram  1, 
Fig.  41,  and  in  the  tube  f  e  c  d  e  G,  Fig.  40,  the 
motion  in  one  bend  or  curve  immediately  affects  those 
in  the  adjacent  bends  or  curves,  and  this  law  does 
not  hold. 

Neither  Du  Buat  nor  Young  took  any  notice  of 
the  relation  that  must  exist  between  the  resistance 
and  the  ratio  of  the  radius  of  curvature  to  the  radius 
of  the  pipe.  Weisbach  does,  and  combining  Du  Buat's 
experiments  with  some  of  his  own,  found  for  circular 
tubes, 

(143.)     '^.  =  i|o-x{-lBl  +  l'847(A)i}xf^; 
and  for  quadrangular  tubes, 

in  which  <l>  is  equal  the  angle  n  o  p  =  n  i  e,  diagram  2, 
Fig.  41 ;  d  the  mean  diameter  of  the  tube,  and  p  the 

radius  n  o  of  the  axis.     "When  -—  exceeds  "2,  the  value 

2p 

of  -131  +  1-847  (^¥  exceeds  "124  +  8-104  (A¥  , 

and  the  resistance  due  to  the  quadrangular  tube  ex- 
ceeds that  due  to  the  circular  one.  The  author 
arranged  and  calculated  the    following  table   of  the 
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numerical  values  of  these  two  expressions  for  the 
more  easy  application  of  equations  (143)  and  (144). 
This  table  will  be  found  of  considerable  use  ia  cal- 
culatiQg  the  values  of  equations  (143)  and  (144),  as 
the  second  and  fifth  columns  contaia  the  values  of 

•131  +  1-847  (  ~  ¥,  and  the  third  and  sixth  columns 

the  values  of  -124  -f  3104  (-^)l  corresponding  to 

different  values  of  -- ;  and  it  is  carried  to  twice  the 
2p 

extent  of  those  given  by  Weisbach. 

TABLE  OF  THE  VALUES  OF  THE  EXPEESSIONS. 

•131  +  1-147  (-Ajland  -124  +  3-104  (—¥• 


d. 

Circular 

Quadrangular 

d 

Circular 

Quadrangular 

2p- 

tubes. 

tubes. 

2p' 

tubes. 

tubes. 

•1 

•131 

■124 

•6 

■440 

•643 

■15 

■133 

•128 

•65 

•540 

•811 

•2 

•138 

•135 

•7 

•661 

1^015  , 

•25 

•145 

•148 

•75 

•806 

l'2o8 

.-3 

•158 

■170 

•8 

•977 

1^545 

•35 

■178 

•203 

•85 

1^177 

1'881 

•4 

•206 

•250 

•9 

1^408 

2-271 

•45 

■244 

•314 

•95 

1^674 

2-718 

•5* 

•294 

•398 

1^00 

1^978 

3-228 

For  bent  tubes,  diagrams  3,  4,  and  5,  Fig.  41,  the 
loss  of  head  is  considerably  greater  than  for  rounded 
tubes.     If,  as  before,  the  angle  n  i  e  be  put  equal  to 

d 
*  The  values  corresponding  to  —  =  "55  are   -350  and  '507  for  cir- 


cular and  quadrangular  tubes. 
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<^,  I E  being  at  right  angles  to  i  o  the  line  bisecting  the 
angle  or  bend,  then,  by  decomposing  the  motion,  the 

head  -—  becomes  - —  X    cos.^  <b  from  the  change  of 
2g  2g 

direction ;  and  therefore  a  loss  of  head 

(145.)   K  =  (1  -  C0S.2  2  (^)  I?-  =  sin.2  2  4>^ 

must  take  place.     When  the  angle  is  a  right  angle, 

as  m  diagram  4,  cos.  2^  =  0,  and  h^  =  ■--  ;  that  is 

to  say,  the  loss  of  head  is  exactly  equal  to  the  theore- 
tical head.     When  the  angle  or  bend  is  acute,  as  iia 

diagram  5,  the  loss  of  head  is  (1  +  cos."  2  <j))  — -,  for 

^9 
then  cos.  2  <}>  becomes  negative.     Weisbach  does  not 
find  the  loss  of  head  in  a  right  angular  bend  greater 

■than  "984  -—  ;    while  Venturi's  twenty-third  experi- 
ment, made  with  extreme  care,  p.  293,  shows  the  loss 

to  be  1"876  pr— .     When  the  pipes  are  long,  however, 

^9 

v^  .    . 
the  value  of  — —  is  in  general  small,  and  this  correc- 
2g 

tion  does  not  affect  the  final  results  in  any  material 
degree. 

Eennie's  experiments,*  with  a  pipe  15  feet  long,  J 
inch  in  diameter,  and  with  4  feet  head,  give  the  dis- 
charge per  second 

Cubic  Feet. 

1.  Straight,  see  table,  p.  146  .     .     .     -00699 

2.  Fifteen  semicircular  bends     .     .     '00617 


*  Philosophical  Transactions  for  1831,  p.  438. 
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3.  One  bend,  aright  angle  8|-  inclies 

from  the  end  of  the  pipe       .     .     "00556 

4,  Twenty-four  right  angles  .     .     .     -00253 
From  these  data  may    be    found   consecutively,   the 
theoretical  discharge   being    -021885   cubic   feet  per 

second,  and  the  theoretical  head  h—  —  ,  that 

2^  „ 

1.  V  —  -319  V  2  ^r  H,  and  therefore  h=    9-82  X  5- 

2.  V  =  -282  V  2  (jT  H,     „  „      H=  12-58 x^; 

^9 

. -  v^ 

o.  V  =  -254  V  2  cr  H,  and  therefore  h  =  15*50  x  „ — '> 

2gf 

V 


4.  i;  = -116  V  2  5r  H,    „  „        H  =  74-34X2„- 

The  loss  of  head,  therefore,  by  the  introduction  of 
15  semicircular  bends,  is  2-760 — ,- by  the  introduction 

of  one  right  angle,  5*68  5—  ;  and  by  the  introduction 

of  24  right  angles,  64-52  5—,  or  about  12  times  the 

loss  due  to  one  right  angle.  This  shows  that  the 
resistance  does  not  increase  as  the  number  of  bends, 
as  was  before  remarked,  p.  275,  when  they  are  close  to 
each  other.     The  loss  of  head  from  one  right  angle, 

5-68  n — ,  is  more  than  double  the  loss  from  15  semi- 
2  q 

circular  bends,  or  2-76  h~-      The  loss  of  head  for  a 

right  angular  bend,  determined  from  Venturi's  experi- 

ment,  is  1-876  5 — :  formula  (145)  makes  it  -^5—  ;  and 
^9  ^9 
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Weisbach's  empirical  formula,  ("9457  sin.  ^  +  2"047 

sin.*  <i>)  g— ,  makes  it  only  -984  ■^.       The  formulse 

now  in  use  give,  therefore,  results  considerably  under 
the  truth.  It  appears  therefore,  that  the  amount  of 
the  velocity  of  the  water  moving  directly  towards  the 
bend  must  be  taken  into  consideration,  and  also  the 
loss  of  mechanical  effect  from  contraction,  and  eddies 
at  it,  as  well  as  the  loss  arising  from  the  mere  change 
of  direction. 

BRANCH   PIPES. 

When  a  pipe  is  joined  to  another,  the  quantity  of 
water  flowing  below  the  junction  b,  diagram  1,  Fig.  42, 
must  be  equal  to  the  sum  of  the  quantities  flowing  in 


the  upper  branches  in  the  case  of  supply ;  and  when 
the  branch  pipe  di-aws  off  a  portion  of  the  water,  as 
in  diagram  2,  the  quantity  flowing  above  the  junction 
must  be  equal  to  the  quantities  flowing  in  the  lower 
branches.  Both  cases  differ  oiJy  in  the  motion  being 
from  or  to  the  branches,  which,  in  pipes,  are  generally 
grafted  at  right  angles  to  the  main,  for  practical  con- 
venience, as  shown  at  h  b,  and  then  carried  on  in  any 
given  direction.     The  loss  of  head  arising  from  change 
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oi  direction,  equation  (145),  is  sin.^  2  </>  ^c— ,  in  which 

2  ^  =  angle  a  b  o ;  hut  as  in  general  2  ^  is  a  right 
angle  for  branches  to  mains,  this  source  of  loss  becomes 

then  simply    „"•     In  addition  to  this,  a  loss  of  head 

is  sustained  at  the  junction,  from  a  certain  amount  of 
force  required  to  imite  or  separate  the  water  in  the 
new  channel.  In  the  case  of  drawing  off,  diagram  2, 
this  loss  was  estimated  by  D'Aubisson,  from  experi- 
ments by  Genieys,  to  be  about  twice  the  theoretical 

2'y^ 
head  due  to  the  velocity  in  the  branch,  or  „ — ,    so 

that  the  whole  loss  of  head  arising  from  the  junction  is 

V^        22j2       3J.2 

ci—+n — =  o — )  or  three  times  the  theoretical  head  due 

to  the  Telocity.  In  the  case  of  supply,  the  loss  is  pro- 
bably nearly  the  same.  The  actual  loss  is,  however, 
very  uncertain ;  but,  as  was  before  observed  when  dis- 
cussing the  loss  of  head  occasioned  by  bends,  two  or 

three  times  s —  is  in  general  so  comparatively  small, 

y 

that  its  omission  does  not  materially  affect  the  final 
results.  A  loss  also  arises  from  contraction,  &c.  See 
pp.  171,  172. 

The  calculations  for  mains  and  branches  become 
often  very  troublesome,  but  they  may  always  be  simpli- 
fied by  rejecting  at  first  any  minor  corrections  for  con- 
traction at  the  orifice  of  entry,  bends,  junctions,  or 
curves.  If,  in  diagram  2,  Fig.  42,  h  be  put  for  the 
head  at  b,  or  height  of  the  surface  of  the  reservoir 
over  it ;  h^  for  the  fall  from  b  to  a  ;  Aa  for  the  fall 
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from  B  to  D  ;  I  equal  the  length  of  pipe  from  b  to  the 
reservoir ;  ?»  equal  the  length  b  a  ;  Z^  equal  the  length 
B  D ;  r  equal  the  mean  radius  of  the  pipe  b  c  ;  r^  the 
mean  radius  of  the  pipe  b  a  ;  r^  the  mean  radius  of 
B  D ;  i;  the  mean  velocity  in  b  c ;  v^  the  velocity  in 
B  A ;  and  v^  the  velocity  in  b  t>,  we  then  find,  by  means 
of  equation  (73),  the  fall  from  the  reservoir  to  a 
equal  to 

(146.)    ^+K  =  [o,  +  c,x-^~  +  {l  +  c,x^^^; 

the  fall  from  the  reservoir  to  d  equal  to 

(147.)    /^+'^.=(^r  +  c,x-^)^+(l  +  c,x^J|i; 

and,  as  the  quantity  of  water  passing  from  c  to  b  is 

equal  to  the  sum  of  the  quantities  passing  from  b  to 

a  and  from  b  to  d, 

(148.)  V  r^—v^rl+Virl. 

By  means  of  these  three  equations  any  three  of  the 

quantities  li,  K,  K,  r,  r^,  r^,,  b,  \,  \,  can  be  found,  the 

others  being  given.     Equations  (146)  and  (147)  may 

be  simplified  by  neglecting  c,,  the  coefficient  due  to  the 

orifice  of  entry  from  the  reservoir,  and  1,  the  coefficient 

of  velocity.     They  wiU  then  become 

(148a.)         h  +  K=::C,X  (7  X2^+^  X  ^j, 

and 

(149.)       h+h,=c,x[lxfg+^^x^). 

The  mean  value  of  C{  for  a  velocity  of  4  feet  per 

second  is  '005741,  and  of  P-,  -0000891.    The  values 

^  9 

for  any  other  velocities  may  be  had  from  the  table  of 
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coefficients  of  friction  given  at  p.  229.     When  I,  h, 
and  )•  are  given,  the  velocity  v  can  be  had  from  the 

i^g    r  h\  .  ,.      ,    ^ 

equation,  v  =  I  —  x  —r  I,  or  more  immediately  from 

Table  VIII. 


GENERAL    EQUATION   FOE   THE    MEAN   VELOCITY. 

A  general  equation  for  finding  the  whole  head  h, 
and  the  mean  velocity  v,  in  any  channel ;  and  to 
extend  equations  (73)  and  (74)  so  as  to  comprehend 
the  corrections  due  to  bends,  curves,  &c.,  can  now  be 
given.  Designating,  as  before,  the  height  due  to  the 
resistance  at  the  orifice  of  entry  by 

\  and  the  corresponding  coefficient  by  c, ; 

h,  the  head  due  to  friction,  and  c,  the  coefficient  of  friction  ; 

Ai  the  head  due  to  bends,  and  c^  the  coefficient  of  bends  ; 

h^  the  head  due  to  curves,  and  c,  the  coefficient  of  curves  ; 

h.  the  head  due  to  erogation,  and  c,  the  coefficient  of  erogation ; 

A,  the  head  due  to  other  resistances,  and  c,  thefr  mean  coefficient 

then  evidently 

(150.)  n  =  K  +  ht  +  h  +  h  +  K  +  K+  2^; 

that  is  to  say,  by  substituting  for  h^,  hi,  &c.,  their 
values  as  previously  found, 

H  =  (l  +  c.)2^  +  Cf^x  2^  +  ^^  2^ 

+  ^0X2^  +  ''^^  2-7+''^^  2^'' 
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or,  more  briefly, 

(151.)    H=(  1  +  c,  +  Cj  X  -  +  Cb  +  c„  +  Ce  +c^j  2^ ; 

from  whicli  may  be  found 

(     2jrH )i 


(152.)     1^-  ji  +  c^  +  c^  X  -  +  Cb  +  c„  +  Ce  +  cJ  • 

It  is  to  be  observed  here,  that  for  very  long  uniform 
channels,  the  value  of  the  mean  velocity  will  be  found 

,  (  2  ff  r  H  )  1 
in  general  equal  to  -j  .  ; —  >-  ,  as  the  other  resist- 
ances and  the  head  due  to  the  velocity  are  all  trifling 
compared  with  the  friction,  and  may  be  rejected  without 
error  ;  but,  as  before  stated,  it  is  advisable  in  practice, 
when  determining  the  diameter  of  pipes,  p.  246,  to 
increase  the  value  of  Cf,  table,  p.  229,  or  to  increase 
the  diameter  found  from  the  formula  by  one-sixth, 
which  will  increase  the  discharging  power  by  one-half. 
See  Table  XIII. 

In  equations  (74)  and  (151),  the  coefficient  of  fric- 
tion Cf  depends  on  the  velocity  v,  and  its  value  can  be 
found  from  an  approximate  value  of  that  velocity  from 
the  small  table  at  p.  229.  If,  however,  both  powers 
of  the  velocity  be  used,  as  in  equation  (83),  then,  when 
H  is  the  whole  head,  and  h  the  head  from  the  surface 
to  the  orifice  of  entry 

{av-^rh^)-^  +(1+  c,)  2"^  -I-  ;i  =  H, 

a  quadratic  equation  from,  which  is  found 

V-  \       (H-^gj'-        .    /  gol  \«  H_  gal 
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for  a  more  general  value  of  the  velocity  than  that  given 
in  equation  (74).  If  now  c^  be  put  equal  to  c,  +  Cj, 
+  Ce  +c^  +  Cjj,  in  equation  (151)  we  shall  find 

(152a.)     v=i      (H-&)2jrr  /  gal  yU  gal 

<(l  +  e;)r  +  ighl       \  (). +c;)r  +  2gll  /   i         0.+c^r  +  ighl 

for  a  more  general  expression  of  equation  (152),  when 
the  simple  power  of  the  velocity,  as  in  equation  (83), 
is  taken  into  consideration.  For  measures  in  English 
feet,  a  —  -0000223  and  b  =  -0000854,  may  be  taken, 
which  correspond  to  those  of  Eytelwein,  in  equation 
(97).  The  value  of  a  is  the  same  in  English  as  in 
French  measures  ;  but  the  value  of  6  in  equation  (88), 
for  measures  in  metres,  must  be  divided  by  3-2809  to 
find  its  corresponding  value  for  measures  in  English 

feet.  In  considering  the  head  g—  Cj,  due  to  contrac- 
tion at  the  orifice  of  entry  as  not  implicitly  comprised 
in  the  primary  values  of  a  and  h,  equation  (83),  Eytel- 
wein is  certainly  more  correct  than  D'Aubuisson,  Traite 
d'Hydraulique,  pp.  223  et  224,  as  this  head  varies 
with  the  nature  of  the  junction,  and  should  be  con- 
sidered in  connection  with  the  head  due  to  the  velocity, 
or  separately.  It  can  never  be  correctly  considered  as 
a  portion  of  the  head  due  to  friction.  In  all  Du 
Buat's  experiments,  this  head  was  considered  as  a 
portion  of  that  due  to  the  velocity,  and  the  whole 

head,  (1  H-  c^  n — >  ..deducted  to  find  the  head  due  to 

friction  and  thence  the  hydraulic  inclination.  The 
following  values  of  a  and  h  were  those  taken  in  the 
equations  referred  to. 
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VALUES    OF   a  AND   t  FOE    MEASUEES    IN   ENGLISH   FEET. 


a. 

b. 

•0000445 

•0000944 

•0000173 

■0001061 

•0000243 

•0001114 

•0000223 

•0000854 

■0000189 

•0001044 

•0000241 

•0001114 

•0000035 

•0001150 

Equation    (88.)  •C 
(90.)  -i 
(94.)  -C 
(98.)  -C 
(109.)  •C 
(111.)  •C 
(114.)  •( 
Mean  values  for  all  ^ 
straight  channels, 
pipes,  or  rivers 
These  mean  values  of  a  and  b  give  the  equation 

rs  =  ^0001040?;   +  •0000221,?;, 
from  which  we  find 

9615  r  s  =  v  +  ■'21  V, 
and  thence 

(153.)  V  =  (9615  r  s  +  •011)*--105  =  98  V7i  --1, 
very  nearly,  suited  to  velocities  of  about  2  feet,  p.  231. 


'}■ 


0000221     -0001040 


HYDEOSTATIC  AND   HYDRAULIC  PEESSUEE. PIEZOMBTEE. 

When  water  is  at  rest  in  any  vessel  or  channel,  the 
pressure  on  a  unit  of  surface  is  proportionate  to  the 
head  at  its  centre,*  measured  to  the  surface,  and  is 
expressed  in  lbs.  for  measures  in  feet,  by  62*5  h  s,  ia 

*  This  is  only  correct  when  the  siirface  is  small  in  depth  compared 
■with  the  head.  If  H  he  the  depth  of  a  rectangular  surface  in  feet,  aiad 
also  the  head  of  water  measured  to  the  lower  horizontal  .edge,  then  the 
pressure  in  Ihs.  is  expressed  by  31i  H^ ;  and  the  centre  of  pressure  is 

at  f  rds  Of  the  depth. ' 
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which  H  is  the  head,  and  s  the  surface  exposed  to  the 
pressure,  both  in  feet  measures.  This  is  the  hyd/ro- 
static  pressv/re.  In  the  pipe  a  b  c  d  f  e.  Fig.  43,  the 
pressure  at  the  points  b,  c,  d,  f,  and  e,  on  the  sides  of 
the  tube  will  be  respectively  as  the  heads  b  b,  cc,t>  d, 
f/,  and  E  e,  if  aU  motion  in  the  tube  be  prevented  by 


stopping  the  discharging  orifice  at  e.  In  this  case  the 
pressure  is  a  maximum  and  hydrostatic ;  but  if  the 
discharging  orifice  at  e  be  partially  or  entirely  open, 
a  portion  of  each  pressure  at  b,  c,  d,  f,  &c.,  is  absorbed 
in  overcoming  the  different  resistances  of  friction, 
bends,  &c.,  between  it  and  the  orifice  of  entry  at  A, 
and  also  by  the  velocity  in  the  tube,  and  the  difference 
is  the  hyd/raulic  pressure. 

Bernoulli  first  showed  that  the  head  due  to  the 
pressv/re  at  any  point,  in  any  tube,  is  equal  to  the 
effective  head  at  that  point,  minus  the  head  due  to  the 
velocity.  When  the  resistances  in  a  tube  vanish,  the 
effective  head  becomes  the  hydrostatic  head,  and  by 
representing  the  former  by  het  and,  adopting  the  nota- 
tion in  equation  (150), 

h,t  =  ^-  [K  +  h  +  K  +  &<i-), 

X  2 
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and  consequently  the  head  due  to  the  hydraulic  pres- 
sure equal 

(153a.)     h^=ht-  ^=s:-iK+ht+h^,+&c.)-  ^. 

If  small  tubes  be  inserted,  as  shown  in  Fig.  43,  at 
the  points  b,  c,  d,  and  f,  the  heights  b  h^,  c  c^  d  <P, 
F  f^,  to  which  the  water  rises,  will  be  represented  by 
the  corresponding  values  of  i^p  in  the  preceding  equa- 
tion ;  and  the  difference  between  the  heights  c  c^,  f  /^, 
at  c  and  f,  for  instance,  added  to  the  fall  from  c  to  f 
will,  evidently,  express  the  head  due  to  all  the  resist- 
ances between  c  and  f.  When  h  =  e  e,  and  the 
orifice  at  e  is  open,  from  equation^  (150),  h  =  hi+hi 

+  h^,  +  he  +  &c.  +    -H — ,    and    therefore    h^   =   0, 

that  is,  the  pressure   at  the   discharging  orifice  is 
nothing. 

The  vertical  tubes  at  b,  c,  d,  f,  when  properly 
graduated,  are  termed  piezometers  or  pressure  gauges  ; 
they  not  only  show  the  actual  pressure  at  the  points 
where  placed,  but  also  the  difference  between  any  two ; 
D  d}—B  b^,  for  instance,  added  to  the  difference  of 
head  between  d  and  b,  or  d  cP  will  give  d  d^  —  b  &^ 
+  B  d/'  for  the  head  or  pressure  due  to  the  resistances 
between  b  and  d.  This  instrument  affords,  perhaps, 
the  very  best  means  of  determining  the  loss  of  head 
due  to  bends,  curves,  diaphragms,  &c.  The  loss  of 
head  due  to  friction,  bend,  diaphragm,  &c.,  between 
K  and  L,  Fig.  48,  is  equal  to  Kk  —  -l  I  +  kv.  Km 
be  the  same  distance  from  l  as  k  is,  l  Z  —  m  m  will  be 
the  height  due  to  the  friction  (l  and  m  being  on  the 
same  level) ;  therefore  Kk  —  TjI  +  kv— l  I  -\-  Mm 


ORIFICES,    WEIRS,   PIPES,  AND  RIVERS.  309 

=  K  A;  +  Kt;  +  Mm  —  2LZisthe  head  due  to  the 
diaphragm  and  bend  both  together.  If  the  diaphragm 
be  absent,  the  head  due  to  the  bend  is  found,  and  if 
the  bend  be  absent,  the  head  due  to  the  diaphragm  is 
had  in  like  manner. 

When  the  discharging  orifice,  as  at  e,  is  quite  open, 
we  have  seen  that  the  pressure  there  is  zero;  but 
when,  as  at  a,  it  is  only  partly  open,  this  is  no  longer 
the  case,  and  the  hydraulic  pressure  increases  from 
zero  to  hydrostatic  pressure,  as  the  orifice  decreases 
from  the  fuU  section  to  one  indefinitely  small  compared 
with  it.  A  piezometer,  placed  a  short  distance  inside 
G,  will  give  this  pressure  ;  and  the  difference  between 
it  and  the  whole  head  wiU  be  the  head  due  to  the 
resistances  and  velocity  in  the  pipe  :  from  which,  and 
also  the  length  and  diameter,  the  discharge  may  be 
calculated  as  before  shown.  Again,  by  means  of  the 
head  m  m^,  and  that  due  to  the  velocity  of  approach, 
the  discharge  may  be  found  through  the  diaphragm  g  ; 
see  equation  (45)  and  the  remarks  following  it.  This 
result  must  be  equal  to  the  other ;  and  in  this  way  the 
formulae  may  be  tested  anew  or  corrected  by  the 
observed  results. 

The  velocity  of  discharge  of  the  tube  A  c  d  e,  may 
be  calculated  by  means  of  any  piezometric  height 
c  c^ ;   for  by.  putting  the  whole  fall  from  (?■  to  e  equal 

to  He,  then,  disregarding  bends,  v  =  j tT"^!^'    i'l 

which  ZJ  =  c  E.  This  is  evident  from  equation  (152), 
as  it  is  supposed  that  no  part  of  the  head  is  absorbed 
in  generating  velocity,  or  in  overcoming  the  resistance 
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of  bends.     If  the  bend  at  d  were  taken  into  considera- 

tion,  then ' 


SYPHONS. 

If  one  end  of  an  open  tube  be  placed  in  water  and 
the  air  withdrawn,  the  water  will  rise  and  fill  the  tube 
to  a  height  corresponding  to  the  atmospheric  pressure 
at  the  time,  but  in  practice  it  is  advisable  to  reduce 
this  to  about  26  feet.  When  the  tube  is  bent,  as  o  c  b 
in  diagrams  1,  2, 3  and  4,  Fig.  43a,  water  can  be  raised 
to  this  height  over  the  level  of  that  on  the  side  c  o 
and  discharged  at  any  lower  level  on  the  side  c  e. 
The  available  head  or  pressure  /  is  the  difference  of 
level  between  the  upper  and  lower  water  when  the 
latter  rises  over  the  end  e  ;  and  when  below  e, 
hi  =  h  -\-  f,  or  the  difference  of  level  between  the 
upper  water  and  the  lower  end  of  the  bent  tube  or 
syphq^  is  the  head.  It  is  advisable  to  have  the  lower 
end  E  immersed,  and  hence  c  e  longer  than  c  o,  but 
this  is  not  essential ;  as  long  as  there  is  an  effective 
head  the  arms  may  be  of  the  same  or  unequal  lengths, 
and  the  water  will  flow  off  at  r,  from  the  syphon  o  c  r, 
as  well  as  at  e  from  the  syphon  o  c  e,  but  vnth  the 
difference  of  velocity  due  to  the  heads  at  r  and  e. 
The  lengths  of  the  arms  c  o,  c  e,  are  however  made  to 
suit  the  circumstances  of  each  case.  In  diagram  1 
the  upper  water  is  at  the  top  of  the  syphon ;  in  2  below 
it ;  ia  3  above  it.  In  diagram  4  the  arms  of  the 
S3'phon  are  of  the  same  length  and  the  orifice  of  entry 
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o  and  of  discharge  e  at  the  same  level.  The  water  in 
both  vessels  finally  settles  at  a  common  level  t  t^,  and 
fills  the  syphon  all  round  in  which  it  is  maintained  at 


rest  by  the  atmospheric  pressure  on  the  surface  of  the 
common  level  t  t^. 

In  calculating  the  discharge  the  cii'cumstances  to  be 
considered  are  :  The  available  or  effective  head  /; 
the  form  of  the  orifices  of  entry  at  o  and  of  discharge 
at  r;  the  length;  the  hydraulic  mean  depth  of  the 
section, — rectangular  or  circular ;  and  the  bend  at  c 
with  any  smaller  bends  adjoining  p  and  e  to  suit  the 
form  o  c  E  of  the  weir.  If,  as  like  iu  formula  (68)  to 
(70l),  a  be  put  for  the  area  of  the  section,  then 

C  Cd  a  VYgJ,  or 
(154.)       D  =   )  481*5  Ca  a  \/~f,  feet  measures  in  one 

'  minute, 

in  which  the  value  of  Ca  depends  on  the  preceding  con- 
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siderations.  At  pp.  146  and  199  the  values  of  c^  for 
velocities  of  about  eighteen  inches,  and  twenty  feet,  are 
given,  and  by  interpolation  intermediate  values  for  in- 
termediate or  even  higher  velocities  can  be  determined ; 
the  effects  of  bends  are  considered  pp.  291  to  300, 
and  taking  both  together  c^  can  be  found  suited  to  the 
form  and  dimensions  of  the  given  syphon. 

If  the  length  of  the  syphon  —  which  is  generally 
rectangular  for  engineering  works — be  |50  times  the 
hydraulic  mean  depth,  that  is  equivalent  to  12J  mean 
diameters,  then  the  table  p.  199  gives  "759  for  the 
value  of  Ca  in  a  straight  tube.  Taking  the  coefficient 
due  to  the  bend  at  about  "867,  the  value  of  c^  due  to 
the  length  of  this  syphon  and  to  the  bend  at  the  crest 
of  the  weir,  is  '759  X  '867  or  -658.  Hence  eqn.  (154) 
becomes  in  round  numbers 

'  D  =  317  a  V/.     for  a  length  of    50  mean 

radii;  also  may  be  found 
=  298  a  V  /  for  a  length  of  100  mean 

radii;  and 
=  268  a  Vyfor  a  length  of  200  mean 

radii, 

for  the  discharge  in  cubic  feet  per  minute.  If  the 
syphon  were  longer  in  proportion  to  the  hydraulic 
mean  depth,  these  results  would  become  still  less,  and 
more  if  the  orifice  of  entry  were  rounded. 

In  Weale's  Quarterly  Papers  of  Engineering, 
vol.  vi.,  p.  51,  Mr.  Mallet,  in  a  letter  dated  10th  Aug., 
1843,*  addressed  to  Major-General  Sir  John  F.  Bur- 

*  At  this  time  Sir  John  evidently  appears  to  have  lost  faith  in  long 
solid  weirs  as  a  panacea  for  the  Shannon  drainage,  and  in  the  self-esteem 
of  the  Shannon  Commissioners  on  this  hobby  of  theirs. 


(154a.) 
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goyne,  E.E.,  then  Chairman  of  the  Board  of  Public 
Works  ia  Dublin,  gives  the  result  of  experiments  on  a 
rectangular  syphon  tube  with  a  section  of  six  inches 
wide  by  one-and-a-half  inch  deep,  or  area  of  nine 
square  inches.  The  length  of  the  sj'phon  is  not 
given,  but  from  the  drawings  given  we  infer  it  to  be 
30  inches,  and  of  the  general  form  given  in  diagrams  1, 
2  and  3,  Fig.  43a,  but  "slightly  bell-mouthed"  at  the 
"  entrance  and  discharging  terminations."  A  straight 
tube  of  the  same  length  and  form  was  made,  and  the 
time  of  discharging  24  cubic  feet  of  water  from  each 
with  the  same  heads  was  as  foUows  : — 


Heads  in  inclies. 

Time  in  seconds 
for  syphon. 

Time  in  seconds 
for  straight  tube. 

lOJ 
13i 

78 
67i 

67 

59 

The  head  of  10^  inches  gives  by  calculation  from 
these  experiments,  *860  for  the  coefl&cient  of  discharge 
due  to  the  bend  over  the  crest ;  and  the  head  of  IBJ 
inches,  a  coefficient  of  "874 ;  which  shows  that  the 
resistance  from  the  bend  was  less  for  a  greater  velocity. 
Mr.  Mallet  also  found  that  with  an  effective  head  of 
8  inches,  24  cubic  feet  were  discharged  in  89  seconds. 
This  gives,  by  calculation,  the  coefl&cient  "658  for  all 
the  resistances  due  to  the  orifice  of  entry  friction  in 
the  tube  and  bends.  Taking  the  coefficient  of  the 
bend  here  at  "850  as  due  to  a  lesser  head,  this  gives 
*774  for  that  due  to  friction  and  the  orifice  of  entry. 
Another  experiment,  with  a  head  of  llj  inches,  gave  a 
discharge  of  24  cubic  feet  in  78  seconds.      This  is 
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equivalent  to  a  coefficient  of  '^ZQ  for  all  resistances, 
and  dividing  by  '860  for  the  bend,  '740  is  found  for  the 
friction  and  orifice  of  entry.     Again 


Experiments,  discharge  of 
24  cubic  feet. 

Calculated  results. 

Heads  in 
inches. 

Time  in 

seconds. 

General 
coefficient. 

Coefficient 
for  bend. 

Coefficient 
for  friction 
and  orifice. 

m 

13 
144 

754 

73 

67J 

•632 
•631 
•640 

■860 
•860 
•874 

•738 
•734 
•732 

The  effective  head  here' to  calculate  the  results  from, 
exceeds  by  f  inch  or  half  the  depth  of  the  tube,  that 
taken  by  Mr.  Mallet,  as  in  the  effective  head  taken  by 
him  this  is  omitted,  but  the  8-inch  head  agrees  with 
that  he  has  taken,  the  error  being  eliminated  by  taking 
a  difference.  Taking  the  mean  general  coefficient  of 
these  results  at  "636,  the  discharge  is  expressed  by  the 
equation 

(154b.)  d  =  481-5  X  -636  a  \/7=  306  a  '•/J', 
the  discharge  in  cubic  feet  per  minute  for  feet  measures. 
This  is  less  than  that  before  given  by  our  eqn.  (154a)  by 
about  3|  per  cent. 

The  application  of  the  syphon  for  the  discharge  of 
surplus  waters  is  of  great  value,  and  the  head  can  be 
increased  to  any  extent  not  exceeding  the  difference  of 
level  between  the  upper  and  lower  water.  It  is  not  the 
object  here  to  enter  into  the  'question  of  construc- 
tion, or  the  means  of  withdrawing  the  air  or  putting 
the  apparatus  to  work,  but  a  comparison  between  its 
advantages,  lifting-sluices,  and  Les  Barrages  Hausses 
Mobiles  has  been  already  entered  into  at  p.  291. 
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SECTION  XII. 

EAIN-PALL. CATCHMENT      BASINS. DISCHAEGES      INTO 

CHANNELS. DISCHARGE    EEOM    SEWEES. LOSS    FEOM 

EVAPOEATION,  ETC. 

A  catchment  basin  is  a  district  which  drains  itself 
into  a  river  and  its  tributaries.  It  is  bounded  gene- 
rally by  the  summits  of  the  neighbouring  hills,  ridges, 
or  high  lands  forming  the  water-shed  boundary;  and 
may  vary  in  extent  from  a  few  square  miles  to  many 
thousands ;  that  of  the  Shannon  is  4,544  square  miles. 
The  average  quantity  of  water  which  discharges  itself 
into  a  river  will,  c(Bteris  paribus,  depend  on  the  extent 
of  its  catchment  basin,  and  the  whole  quantity  of  rain 
discharged  on  the  area  of  the  catchment  basin,  includ- 
ing lakes  and  rivers. 

The  quantity  of  eain  which  falls  annually  varies 
with  the  district  and  the  year;  and  it  also  varies  at 
different  parts  of  the  same  district.  The  average 
quantity  in  Ireland  may  be  taken  at  about  34  inches 
deep,  that  which  falls  in  Dublin  being  27  inches,  in 
Armagh,  average  of  14  years,  35  inches ;  in  Killaloe, 
average  of  17  years,  48  inches ;  in  Galway,  average  of 
11  years,  46  inches;  and  that  in  Cork  41  inches 
nearly.  The  average  yearly  fall  in  Dublin  for  seven 
years,  ending  with  1849,  was  26*407  inches ;  and  the 
maximum  fall  in  any  month  took  place  in  April,  1846, 
being  5-082  inches.  "  The  average  fall  in  inches  per 
month  for  seven  years,  ending  with  1849,  was  as 
follows :— October,   8-060;  August,   2-936;    January, 
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TABLE  of  some  Catchment  Basins  in  Ireland. 


■sSg 

s|i. 

Names  of  Drainage  districts, 
or  Eivera. 

Counties  or  Towns. 

III 

w 

Avonmore .               ... 

Wioklow  and  Wexford      .    . 

128,000 

200- 

Avooa  Eiver  . 

Wicklow. 

179,840 

281- 

Ballinasloe 

Mayo.        ... 

70,000 

110- 

Barrow,  Nore,  and  Suir 

Waterford      .... 

2,176,000 

3400- 

Blackwater  and  Boyne     .    . 

Meath,  &o 

695,040 

1086- 

Blackwater    .... 

Waterford,  Toughal      . 

780,160 

1219' 

Blackwater               .       .    . 

Armagh 

336,640 

526- 

Blackwater    .... 

Meath  and  Kildare 

60,000 

781 

Bandon  Eiver   .       . 

Cork 

145,920 

228- 

Bann,  Upper  and  Lower,  and 

the  Main 

Down,  Antrim 

810,240 

1266- 

Boyne 

Meath,  Westmeath,  Baldare, 

and  King's     .... 

304,139 

478-2 

Bruana  (Ferbane)     . 

King's 

389,120 

608- 

Ballyteigue    .... 

Wexford 

26,762 

41-8 

Ballinamore  and  Ballyconnel 

Cavan,  Fermanagh,  Leitrim, 

and  Roscommon 

101,465 

158-5 

BreeogTie 

Sligo  ..... 

180,408 

282- 

BalltDliassig  . 

Cork 

23,600 

36-7 

Cappagh    .       . 

Gralway 

34,866 

64-4 

Coolaney        .... 

Sligo 

90,744 

141-8 

Camoge      .       .               .    . 

Limerick 

61,184 

95-6 

Dunmore 

Galway,  Mayo,  and  Roscom- 

mon     

96,161 

150-2 

Dodder 

Dublin       ... 

36,200 

65- 

Deel        .... 

Meath  and  Westmeath . 

64,000 

100- 

Dee    .       .        . 

Louth  and  Meath'     .        .    . 

78,000 

121-9 

Erne 

Belturbet,  Enniskillen . 

1,014,400 

1685- 

Foyle.                       .        .    . 

Londonderry    .        ... 

944,640 

1476- 

Fergus   . 

Clare  and  Galway . 

134,400 

210- 

Pane  .                .... 

Louth 

87,400 

136-6 

Glyde      .       .               .        . 

Louth,    Meath,    Monaghan, 

and  Cavan  .... 

176,813 

276-3 

Inny 

Meath,    Westmeath,    Long- 

ford, and  Cavan. 

231,116 

361-1 

Kilbeggan 

Westmeath  and  Kong's     .    . 

88,030 

137-5 

LifEey  and  Tolka 

Dublin,  &c. 

328,320 

613-0 

Lee 

Cork 

470,400 

735- 

Lough  Gara  and  Mantua  .    . 

Roscommon,  Mayo,  and  Sligo 

128,000 

200- 

Loughs  Oughter  and  Gowna 

and  River  Erne  . 

Cavan.Leitrlm,  and  Longford 

260,480 

407- 

Lough  Neagh  and  Bann  .    . 

Londonderry,  Antrim,  Down, 

and  Armagh 

1,411,320 

2206-2 

Lough  Mask  and  Eiver  Robe 

Mayo  and  Galway     . 

225,000 

351-5 

Loughs   Gorrib,  Mask,  and 

Carra  ... 

Galway  and  Mayo . 

780,000 

1218-7 

Longford 

Longford   . 

72,320 

113  0 

Moy                .... 

Mayo,  Ballina 

661,120 

1033- 

Main  .       .               ... 

Antrim      .... 

37,600 

90- 

Monivea 

Galway 

64,000 

84-4 

Maghera    .        .                 .    . 

Down 

19,000 

29-7 

Nobber  

Meath 

40,000 

62-3 

Quoile 

Down 

57,000 

89-1 

Rinn  and  Black  Eiver  . 

Leitrim  and  Longford  . 

74,000 

115-6 

Strokestown      .        .        .    . 

Roscommon              ... 

70,000 

109-4 

Shannon  above  EUlaloe 

Different  counties,  towns  of 

Athlone,  Limerick    . 

2,908,160 

4644- 

Slaney 

Wexford    .... 

621,600      815- 
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TABLE  showing  Summer  Discharges  of  some  English  Rivers,  as  col- 
lected from  various  authorities,  re-arranged,  showing  to  some  extent 
the  effect  of  Springs  in  supplying  Oharmels  in  different  places. 


NAMES  OF  RIVERS. 

k 

11 

11 

II 

■gas 

ro  <D   Pi 

nil 

Hi 

|| 

1 

Mley.   Hill. 

a 

^■s 

" 

Gade,    at    Hunton 

Bridge,  chalk     . 
Lea,  at  Lea  Bridge, 

150  to  500 

69 '5 

2,500 

36-2 

8-19 

chalk.     (Eennie, 

AprU,  1796)       . 

30  to  600 

570-0 

8,880 

15-58 

3-63 

Loddon(Fel).1850), 

green  sand     .     . 

110  to  700 

221-8 

3,000 

13-53 

3-01 

25-4 

Medway,  driest  sea- 

sons      (Rennle, 

1787),  clay 

481-5 

2,209 

4-59 

1-04 

Medway,    ordinary 

summer         run 

(Eennie,     1787), 

1 

clay  .        . 

481-5 

2,520 

5-23 

2-19 

Mimram,    at   Pan- 

shanger,  chalk   . 

200  to  500 

29-2 

1,500 

51-4 

11-58 

26-6 

Nene,   at  Peterho- 

rough,      oolites. 

Oxford  clay,  and 

lias        .        .     . 

10  to  600 

620-0 

5,000 

8-45 

1-88 

23-1 

Plym,  at  Sheepstor, 

granite 

800  to  1,500 

7-6 

500 

71-4 

16-10 

45-0 

Severn,    at    Stone- 

bench,  Silurian  . 

400  to  2, 600 

3,900 

33,111 

8-49 

1-98 

Thames,  at  Staines, 

chalk,  green  sand. 

Oxford  clay. 

oolites,  &o.    .     . 

40  to  700 

3,086 

40,00C 

12-98 

2-93 

24-5 

Trent,  at  its  mouth. 

oolites    and  Ox- 

ford clay    . 

100  to  600 

3,921 

Verulam,  atBushey 

Hall,  chalk 

150  to  500 

120-8 

1,800 

14-9 

3-37 

... 

"Wandle,  below  Car- 

shalton,  chalk   . 

70  to  350 

41-0 

1,800 

43-9 

9-93 

24-0 
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2-544: ;  April,  2-503;  November,  2-300;  July,  2-116; 
June,  2-005;  December,  1-938;  September,  1-860; 
May,  1-814;  March,  1-739;  February,  1-534."*  A 
gauge  at  Londonderry,  1795  to  1801,  gives  31  inches 
average ;  one  at  Belfast,  from  1836  to  1841,  gives  85 
inches ;  at  Mountjoy,  Phoenix  Park,  182  feet  above 
low  water,  1839  and  1840,  there  is  an  average  of  33 
inches ;  and  at  the  CoUege  of  Surgeons,  52  feet  over 
low  water,  the  average  is  30  inches  for  the  same  two 
years.  Sir  Eobert  Kane  assumes  that  36  inches  is 
the  average  fall  in  Ireland,  and  that  out  of  that 
depth  12  inches,  or  one-third,  passes  on  to  the  sea, 
two-thirds  being  evaporated  and  taken  up  by  plants. 
The  quantity  varies  a  good  deal  with  the  altitude 
of  the  district.  In  parts  of  Westmoreland  it  rises 
sometimes  to  140  inches;  in  London,  an  average 
of  20  years'  observations  gives  a  fall  of  nearly  25 
inches. 

The  tabular  information  has  been  obtained  from  Mr. 
Hughes'  book,  from  Rennie's  reports,  and  other 
sources.  The  effect  of  the  geology  and  fissures  in  the 
chalk  and  mountain  limestone  formations  on  ,the 
spriags  of  a  catchment  basin,  and  on  the  summer 
discharge,  should  be  carefully  noted  as  one  of  the 
elements  entering  into  catchment  basin  statistics. 
Indeed,  the  maximum  and  minimum  discharges  from 
catchments  are  of  as  much  importance  to  the  engineer 
as  the  averages,  and,  for  many  purposes,  more  impor- 
tant. There  was  abundant  opportunity  of  acquiring 
this  information  for  all  our  Irish  rivers,  but  we  are  not 
aware  if  it  was  turned  to  any  useful  account  for  science. 

*  Proceedings  of  the  Boyal  Irish  Academy,  vol.  v.,  p.  18. 
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Thorough-drainage  increases  the  supply  and  dis- 
charge. Every  catchment  basin  has,  howe'Ver,  its  own 
peculiar  data,  and  a  knowledge  of  these  is  necessary 
before  we  can  draw  any  correct  conclusions  for  new 
waterworks  in  connection  with  it.  It  may  be  remarked, 
however,  that  any  conclusions  drawn  from  experiments 
on  the  supply  of  tributaries,  particularly  in  high  dis- 
tricts, are  whoUy  inapplicable  to  the  main  channel  into 
which  they  flow.  The  flow  into  tributaries  and  mountain 
streams,  or  rivers,  is  always  more  rapid  than  into  main 
channels  and  rivers  in  flat  districts,  and  the  supply 
from  springs  often  forms  a  large  portion  of  the  water 
flowing  in  them.  Heretofore,  however,  little  depend- 
ence can  be  placed  on  gaugings  unless  the  manner  in 
which  they  were  obtained  was  fully  described. 

Forty  years'  observation  at  Greenwich,  Kent,  at  155 
feet  above  the  level  of  the  sea,  gives  the  following 
results : — 


Description  of  fall. 

Winter. 

Spring. 

Sumrner. 

Entire 
years. 

Mean  a,TiTiual  fall  .        .         .     . 

MaxiimiTn  fall ;  being  a  mean  of 
five  of  tlie  wettest  years  during 
forty  years      .... 

Minimum  fall ;  'being  a  mean  of 
five  of  the  driest  years  during 
forty  years         .... 

inches 
7-86 

11-05 

5-22 

inches 
7-25 

10-86 

4-05 

inches 
10-47 

14-96 

6-80 

inches 
(  26-48 
(  25-58 

34-00 
36-87 

( 18-40 
\  16-07 

In  this  table  Winter  comprises  November,  December, 
January,  and  February;  Spring,  the  next  four  months ; 
and  Summer,  the  months  of  July,  August,  September, 
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and  October.  The  last  column  contains  means  of  two 
classes  of  years :  the  first  figures  showing  the  ordinary- 
years  from  January  to  December,  and  the  second, 
under  the  first,  years  from  November  to  October.* 
We  see  here  that  the  mean  maximum  is  fully  double 
of  the  mean  minimum,  and  about  one-and-a-half 
times  the  mean  annual  fall,  and  therefore  the  necessity 
for  calculating  from  the  minimum  fall  for  aU  water 
works  in  which  it  is  an  element,  and  from  the  maxi- 
mum for  sewerage  works  where  it  is  not  intended  to 
pass  off  a  portion  on  the  sui'face  or  through  other 
available  channels. 

In  the  district  surrounding  the  Upper  Bann  re- 
servoirs in  the  County  Down,  the  average  fall  for 
thirteen  years  has  been  46  inches  at  a  level  of  6  feet 
over  the  top  water  of  Lough  Island  Eeavy  Eeservoir  ; 
and  Mr.  John  Smith,  the  engineer  of  the  work,  says 
that  there  is  a  loss  of  one-third  in  absorption  and 
evaporation;  but  as  the  rainfall  is  greater  on  the 
higher  ground  than  at  the  gauge,  only  one-half  of  the 
whole  rainfall  is  probably  available.  Mr.  Manning 
found  for  the  Woodburne  river,  with  a  rainfall  of  36 
inches,  a  flow  of  21'5  inches  was  produced,  or  about 
three-fifths,  which  was  distributed  as  follows : — 

Six  months,  November  to  May,  14"766  fall,  and 

14-351  flow ; 
Six  months.  May  to  November,  21*101  fall,  and 
7-357  flow. 

In  Keswick,  the  average  fall  is  said  to  be  672-  inches, 
and  in  Upminster,  Essex,  only  19J  inches.     Indeed,  it 

*  See  Mr.  James  Simpson  in  the  Metropolitan  Main  Drainage  Re- 
port, 1857,  p.  115. 
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is  requisite  to  obtain  the  fall  from  observation  for  any- 
particular  district,  when  it  is  necessary  to  apply  the 
results  to  scientific  purposes ;  and  not  the  mean  average 
fall  alone,  but  also  the  maximums  and  minimums  ia  a 
series  of  years  and  months  in  each  year. 

Mr.  Symons  gives  (see  Builder  for  1860,  p.  230) 
the  following  heavy  falls  of  raia  during  1859: — 
Wandsworth,  June  12th,  2*17  iuches  in  two  hours; 
Manchester,  August  7th,  1*849  inches  in  twenty-four 
hours ;  Southampton,  September  26th,  2-05  inches  in 
two-and-a-quarter  hours ;  Trwro,  October  25th,  dur- 
ing the  day,  2-4  inches.  The  mean  falls  ia  the  South 
Western  Counties,  39"1  inches ;  in  the  South  Eastern 
Counties,  30-2  inches ;  in  the  West  Midland  Counties, 
28  inches ;  in  the  Eastern  Counties,  25"4  inches ;  in 
the  North  Midland  Counties,  24  inches  ;  in  the  North 
Western  Counties,  89  inches ;  in  the  Northern  Coun- 
ties,  55  inches ;  and  the  average  of  all  England,  81-857 
inches. 

As  an  instance  of  extraordinary  rain-fall,  in  con- 
nection with  the  sewage  question,  it  is  stated  that  4 
inches  of  rain  fell  in  one  hour  in  the  Holbom  and 
Finsbury  sewers'  district,  on  the  1st  of  August,  1846 ; 
at  Highgate,  3'5  to  3*8  inches ;  and  at  Greenwich, 
0'95  inches.*  In  India,  the  intensity  of  the  rain-faU 
varies  from  half  an  inch  to  5  inches  in  an  hour. 

In  the  upland  districts  about  Manchester,  Mr. 
Homershamt  gives  the  result  of  observations  at 
Fairfield,  Bolton,  Eocksdale,  Marple,  Comhs  reser- 
voir,  Belmont,   Chapel-en-le-Frith,  and  Whiteholme 

*  Metropolitan  Main  Drainage  Keport,  p.  16. 

+  Eeport  on  the  Supply  of  Water  to  Manchester. — ^Weale. 
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reservoir,  for  four  years.  These  give  a  maximum  fall 
of  61"4  inches  at  Belmont  Sharpies  in  1847,  and  a 
minimum  of  24*8  at  Whiteholme  reservoir  in  1844, 
the  general  average  for  the  four  years  being  42"49 
inches. 

April  is  the  driest  month,  and  October,  or  about  it, 
the  wettest  month,  and  the  fall  during  different  years 
varies  sometimes  as  much  as  two  to  one  in  the 
same  district. 

The  proportion  between  the  quantity  which  falls, 
and  that  which  passes  from  a  catchment  basiu  into 
its  river,  also  varies  very  considerably.  When  the 
sides  of  a  catchment  basin  are  steep  and  staunch,  and 
the  water  passes  off  rapidly  into  the  adjacent  river  or 
tributaiies,  there  is  less  loss  by  evaporation  and  perco- 
lation than  when  they  are  nearly  flat.  The  soil, 
subsoil,  and  stratification  have  also  considerable  effect 
on  the  proportion.  Reservoirs  being  generally  con- 
structed adjacent  to  steep  side  falls,  give  a  much  larger 
proportion  of  the  quantity  fallen  than  can  be  obtained 
from  rivers  in  flatter  districts  ;  besides,  the  quantity  of 
rain  which  falls  on  the  high  summits,  near  reservoirs, 
almost  always  considerably  exceeds  the  average  fall. 
As  640  acres  is  equal  to  1  square  mile,  and  one  acre  is 
equal  to  43,560  square  feet,  a  fall  of  one  inch  of  rain 
is  equal  to  3,630  cubic  feet  per  acre,  and  to  3,630  X 
640  =  2,323,200  cubic  feet  per  square  mile  :  the  pro- 
portion of  this  fall,  for  each  acre,  or  square  mile  of 
the  catchment  basin,  which  enters  the  river,  must 
depend  entirely  on  the  district  and  local  circumstances, 
the  fiiU  or  maximum  quantity  being  retained  on  lakes. 
A  stream  delivering  53  cubic  feet  per  minute  constantly 
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for  twelve  months  supplies  an  equivalent  to  12  inches 
of  rain-fall  coUected  per  square  mile,  and  1  inch  of 
rain  coUected  from  each  square  mile  of  catchment 
gives  a  supply  of  4'42  cubic  feet  per  minute,  and 
6'9  cubic  feet  for  each  1000  acres,  flowing  in  both 
cases  for  twelve  months. 


FLOW  EQUIVALENT  TO  A  KAIN-FALL  OF  ONE  INCH  ON  EACH  SQUARE 
MIM,  AND  1000  ACRES,  FLOWING  REGULARLY,  WITHOUT  LOSS,  FOR 
ONE   MONTH   TO   ONE  YEAR. 


For 

.1 

a 

1 

For 

1 

i 

u 
o 

For 

a 

1 

,?!' 

g 

p' 

g 

n< 

g 

""• 

T-t 

<-» 
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9-1! 

Two  months   . 

26-6  41-4 

Six  months 
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13-8 

Ten  months     . 

5-3 

S'3 

Three  months. 

ir-7  27-6 

Seven  months. 

7-6 

11-8 

Eleven  months 

4-R 

7-5 

Four  months  . 

13-2  20-7 

Eight  months . 

6-6 

10-3 

Twelve  months 

4'4 

6-9 

It  is  too  often  taken  for  granted  that  the  discharge 
from  a  catchment  basin  takes  place,  into  the  conveying 
channels,  in  nearly  the  same  time  that  a  given  quantity 
of  rain  falls.  Perhaps  the  largest  registry  on  record 
in  Great  Britain  is  a  fall  of  four  inches  in  an  hour. 
The  maximum  faU  in  any  hour  of  any  year  seldom 


QUANTITY  PER  ACRE  FOE  A  GIVEN  DEPTH   OF   FALL. 
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exceeds  half  of  this  amount,  and  then  perhaps  only 
once  in  several  years.  The  quantity  which  falls  wiU 
not  be  discharged  into  the  channels  in  the  same  time. 
The  quantity  discharged,  and  time,  will  depend  a  good 
deal  on  the  season  and  district.  The  arterial  channel 
receives  the  supply  at  different  places  and  from 
different  distances,  and  the  water  in  passing  into 
and  from  it  does  not  encounter  the  same  amount 
of  resistance  as  if  it  all  passed  first  into  the  upper 
end.  Less  sectional  area  is  therefore  necessary 
than  if  the  whole  discharge  had  to  pass  through  the 
whole  length  of  the  channel  and  during  the  time  of 
fall.  The  relation  of  the  quantity  of  rain-fall  to  the 
portion  which  flows  into  the  main  channel,  as  well  as 
the  time  which  it  takes  to  arrive  at  it,  and  the  places 
of  arrival,  must  be  known  before  the  proper  size  of  a 
new  channel  can  be  determined,  particularly  sewers  in 
urban  districts.  A  pipe  sufi&cient  to  discharge  the 
water  from  200  acres  need  not  be  20  times  the  dis- 
charging power  of  one  exactly  suited  to  10  acres  of 
.  the  same  district,  for  the  discharge  from  the  outlying 
<\  190  acres  will  not  arrive  at  the  main  in  the  same  time 
as  that  from  the  adjacent  10  acres. 

The  following  table  of  rain-fall,  at  Athlone,  central 
in  Ireland,  was  furnished  to  the  Eoyal  Irish  Academy 
by  General  Sir  H.  D.  Jones,  and  is  printed  in  the 
Proceedings.*  The  average  for  four  years  gives  29 
inches,  and  the  effect  on  the  Upper  and  Lower  SiUs 
of  the  Lock  as  affecting  the  rise  and  fall  of  the 
Shannon,  affords  valuable  data,  although  not  analysed. 
The  rise  and  fall   on  the   sills   is   the   sum    of  the 

»  Vol.  iv. 
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monthly  risings  and  fallings  for  each  year,  and  must 
be  divided  by  12  to  get  the  average  monthly  rise  and 
fall.  In  1845  the  greatest  rise  was  in  January,  2  feet 
9  inches  at  the  upper  sUl,  and  3  feet  llj  inches  at  the 
lower  siU.  In  1846  the  greatest  rise  was  2  feet  5 
inches  in  October,  at  the  upper  -siU ;  and  5  feet  6j 
inches  on  the  lower  siU,  in  August. 


Upper  Sill. 

Lower  Sill. 

Maximum  rise  in 

Maximum  rise  in 

one  montli. 

one  month. 

1845     .     . 

.     2  ft.  9  in.  January        .     , 

.     .    3  ft.  llj  in.  January. 

1846     .     , 

.     .     2  ft.  5  in.  October 

.     .     5  ft.    6J  in.  January. 

1847     .     . 

.     .     3  ft.  1  in.  Novemter     . 

.     .     4  ft.    6    in.  May. 

1848     .     , 

.     .     3  ft.  3  in.  February      .     , 

.     .     4  ft.  11    in.  February. 

The  sum  of  the  risings  and  fallings  for  each  month, 
taken  as  a  mean  of  four  years,  is  nearly  the  same 
at  either  sill.  The  general  average  of  the  rise  and 
fall  for  the  upper  siU,  is  about  1  foot  3|  inches  each 
way,  and  1  foot  lOf  inches  at  the  lower  sill.  These 
would  give  2  feet  7  inches  for  the  average  difference 
of  level  in  the  Shannon  above,  and  3  feet  9^  inches 
for  that  in  the  Shannon  below.  In  Lough  Allen 
catchment  of  146  square  miles,  the  maximum  rise 
was  sometimes  6  inches  in  24  hours,  calculated  at 
*568  inch  of  depth  of  rain,  over  the  catchment  area. 
Above  Killaloe,  the  catchment  is  3611  square  miles, 
and  the  floods  about  once  a  year  rose  6  inches  in 
24  hours,  or  *296  inch  in  depth  of  rain  over  the 
catchment.  Once,  in  1840,  it  is  reported  to  have 
risen  12  inches,  or  "6  inch  of  rain  over  the  catchment 
in  one  day.  "  The  greatest  observed  flood  in  the 
Skamiion  occurred  in  January,    1853,  when  the  dis- 
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charge  of  Killaloe  marked  1,617,000  cubic  feet  per 
minute,  or  •699  cubic  foot  per  acre  of  catchment. 
The  large  floods  in  the  Armagh  river,  county  Galway, 
yield  from  8  to  10  cubic  feet,  and  a  summer  flood  in 
1851  gave  13"02  cubic  feet  per  miaute  for  each 
acre."* 


MAXIMUM  DISCHARGES  OF  THE  SHANNON"  AND  EENE,    AND  A 
TRIBUTARY  OP  THE  LATTER,    THE  WOODFORD   RIVER. 


EIVERS  IN  IRELAND. 
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Lower  Erne,  measured  during 
the  very  high  floods  of  Jan. 
1851,  at  Belleek         .        .    . 

Upper  Erne,  measured  during 
the  very  Mgh  floods  of  Jan. 
1851,  atBelturbet  . 

Woodford  Biver,  Counties  of 
Leitrim  and  Cavan,  measured 
during  the  very  high  floods 
of  Jan.  1851,  at  BaUyconnell . 

Yellov?  River,  or  upper  portion 
of  the  Woodford  River,  mea- 
sured during  the  very  high 
floods  of  Jan.  I851,Co.  Leitrim 
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0-83 

1-12 

10-43 

211 
429 
631 

717 

6675- 

These  results  show  how  difficult  it  is  to  draw  any 
inference  from  discharge  and  area  of  catchment  alone, 
as  the  discharge,  per  minute  per  acre,  must  vary  with 
the  contour  and  elevation  of  the  district  iu  the  same 
course ;     and    with    the    climate,    also,    in    different 

*  Vide  Proceedings  of  the  Institution  of  Civil  Engineers,  Ireland, 
vol.  V.  pp.  165  and  166,  and  Paper  read  by  Thomas  J.  Mulvany,  11th 
February,  1851,  vol.  iv.  p.  21. 
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countries.  We  have  ourselves  observed  the  maxi- 
mum discharges  to  vary  up  to  6  cubit  feet  per  minute 
per  acre,  the  lesser  maximums  being  due  to  broad 
flat  districts,  and  the  greater  maximums  to  higher 
and  steeper  districts,  near  the  sources.  In  the 
Proceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iv.,  from  which  we  have  collected  and 
arranged  some  of  the  foregoing  information,  it  is 
stated,  p.  96,  that  the  ratio  of  lihe  discharge  to  the 
rain-fall,  on  a  catchment  on  the  Glyde,  of  79,433 
acres,  for  three  monthSj  ending  March  13th,  1851, 
was  1*49  to  1  up  to  January  13th ;  1-39  to  1  up  to 
February  13th;  and  3-86  to  1  up  to  March  13th, 
making  a  general  average  of  1*59  to  1 ;  the  whole 
rain-faU  for  the  three  months  being  only  5'89  inches, 
while  the  discharge  was  9'35  inches  !  We  fancy  there 
is  a  mistake  here.  The  whole  catchment  of  the  Glyde 
is  176,813  acres,  and  there  is  no  data  to  show  the 
discharge  previous  to  or  after  the  rain-fall  from  which 
to  calculate  the  difference  due  to  it  per  se  for  the  three 
months  ;  nor  is  the  place  or  method  of  gauging  stated. 
The  supply  from  spring?  and  the  actual  discharge 
before  and  after  rain-faU  must  be  correctly  gauged 
before  the  proportion  passing  into  the  main  channel  in 
a  given  time,  can  be  properly  estimated ;  the  results 
just  stated  clearly  contradict  themselves.  The  fol- 
lowing anomalous  results  from  p.  47  of  the  same  work 
are  also  worthy  of  note.  In  five  different  districts  the 
discharge  is  gauged,  or  estimated,  greater  than  the 
fall,  as  shown  in  the  following  table.  It  is  not  stated, 
however,  if  the  depths  passed  off,  estimated  over  the 
catchments,  include  the  flow  before  the  commencement 
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of  the  rain.     If  so  the  results  are  so  far  useless ;  and 
if  they  do  not  include  it,  there  must  he  an  error  some- 

RBAD   HtH  march,    IgSl. 


District. 


Biver. 


Catch- 
ment in 
Acres. 


Decembkk  1850. 


"  S 


■H.S  o 

I'g.g 

^  S  S 


Januaky  1851. 


•Is. 


1:1  fi 


I 


■go 


A 


Saleen       .     . 
Lannag}i 
Balla      . 
Mask  and  Eobe 

Dalla.         .    \ 


Saleen     . 

Castlebar. 

Manulla . 

Eobe 

Dalla 

Owenmore 


2,625 
20,640 
33,500 
70,000 

3,200 
32,000 


•  3-65  • 


4-00 


6 '26 
5-46 
5-46 

6-527 
5-705 


■  6-33 


9-20 
8-55 
8-18 
7-39 


where.  Indeed,  in  the  Eobe  we  have  evidence  that 
not  more  than  68  per  cent,  passed  from  the  catchment 
to  the  river,  from  Mr.  Betagh's  valuable  paper,  the 
results  of  which  are  arranged  below.  Also,  ia  July, 
1850,  it  is  shown  that  in  the  Lannagh  district  only 
"53  inch  in  depth  passed  off  the  catchment  from  a  fall 
of  1'83  inches,  or  about  one-third  of  the  depth.  The 
merthod  of  determining  this  was  imobjectiohahle. 
Where  such  discrepancies  as  above  exhibited  exist, 
it  is  important  that  the  method  of  gauging,  and  the 
whole  calculation,  should  be  shown,  in  order  that 
other  engineers  should  be  able  to  judge  of  their 
accuracy ;  otherwise  the  results  should  be  rejected,  no 
matter  under  whose  authority  they  may  be  published. 
But  during  the  operations  of  the  Arterial  Drainage 
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Commission  in  Ireland,  from  1845   up   to   the   year 
1853,  science  was  at  a  discount. 

The  following  information  has  been  collected  and 
arranged  hy  us  from  a  paper  hy  Mr.  Betagh,  in  the 
Proceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iv.  In  January  1851,  3"41  inches  of  rain 
feU  in  seven  days,  producing  the  maximum  discharge 
of  85,836  cubic  feet;  while  in  December  1852,3-17 
inches,  also  falling  in  seven  days,  produced  115,656 
for  the  maximum.     At  the  beginning  of  the  first  fall 

TABLES  shoiomg  in  detail,  for  the  years  1851  and  1852,  the  Monthly 
Fall  ofRaim,  amd  the  corresponcUng  Discharge  of  the  River  Role,  at 
BoMimrdbe,  Oownty  Mayo  ;  the  catchment  basin  being  70, 000  acres,  or 
110  square  miles  ;  the  lower  end  100  feet,  the  v/pper  end  336  feet ;  amd 
the  average  height  of  the  swrfaee  aiout  180  feet  above  the  level  of  the 
sea.  The  average  fall  of  the  river,  not  including  the  rapids,  is  from 
one  to  two  feet  per  mile  ;  the  catchment  is  about  20  Tniles  long,  aboiii 
one-tenth  of  the  area  bog  or  low  marsh,  and  nine-tenths  clayey  and 
gravelly.     The  river  is  about  33  miles  lon^. 


RIVER  ROBE  OBSERVATIONS  IN  1851. 

1 

1" 

Discharge  in  cuhic  feet 
per  minute,  from  a  catch- 
ment of  70,000  acres,  for 
each  month. 

Discharge  in  cubic  feet 
per  minute,  per  acre,  for 
each  month. 

MONTHS. 

i-s 

|.9 

ll 

1 

(-4 

1 

i 

i 

|- 

t 

M 

5"s 

s 

ii 

^ 

1 

a 

5 

January    . 

9-2 

7-4 

86,836 

20,133 

43,373 

1-168 

-287 

620 

February . 

6-8 

4-7 

72,448 

18,420 

30,410 

1-034 

•263 

434 

March  .     . 

4-4 

3-6 

49,137 

10,860 

20,945 

•702 

■155 

300 

April 

3-4 

2-5 

24,200 

5,760 

14,365 

-345 

•082 

206 

May      .    . 

1-0 

0-8 

6,820 

4,126 

6,001 

-083 

•069 

071 

June. 

3-8 

0-8 

7,040 

1,114 

4,230 

■100 

•016 

060 

July     .    . 

3-8 

0-5 

4,920 

1,600 

2,658 

■070 

•021 

036 

August      . 

2-4 

0-9 

17,065 

1,240 

4,866 

-243 

•017 

069 

September 

.    1-9 

0-5 

4,746 

1,200 

2,864 

■067 

•017 

040 

October    . 

6-0 

1-6 

23,980 

6,940 

12,688 

•342 

•099 

179 

November 

1-3 

1-2 

12,862 

6,000 

7,827 

•183 

•086 

111 

December. 

2-6 

2-5 

44,715 

6,210 

14,373 

■638 

•088 

205 

Total  . 

45-6 

27- 

352,749 

83,502 

163,380 

4-965 

1^189        2 

•33 
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EIVER  KOBE  OBSERVATIONS  IN  1852. 
Gontmued  from  last  page. 


MONTHS. 

1- 
1| 

pe?Se  f?oSf  caS^*  J-'^^^l^  if  «"5i"  tJ 
ment  of  70  000  acres,  for  P!^^™™"*^' P^"^  '«'^«'  ^°' 
each  month.                        ^^'^  month. 

|1 

|l 

1 

1 

•5 

3 

t 

January    . 

7-5 

6-2 

41,600 

12,862 

28,730 

594 

■183 

410 

February  . 

4-g 

4-3 

66,400 

8,190 

26,296 

805 

■117 

361, 

Marcli       . 

1-0 

0-7 

9,600 

2,737 

6,702 

137 

•039 

096 

April. 

1-1 

0-5 

3,931 

1,468 

2,477 

056 

■020 

036 

May      .    . 

1-9 

0-4 

3,931 

1,050 

1,861 

056 

■015 

026 

June . 

6-6 

1-2 

22,764 

1,400 

6,647 

325 

■020 

093 

July 

2-6 

1-0 

IS,  439 

8,172 

6,067 

220 

■046 

087 

August     . 

4-6 

0-6 

3,886 

2,236 

3,070 

065 

•032 

043 

September 

1-8 

0-6 

3,427 

2,642 

2,874 

048 

■037 

041 

October     . 

3-9 

1-0 

32,040 

1,114 

6,932 

467 

■016 

084 

November 

6-5 

5-2 

46,360 

17,000 

30,742 

648 

■242 

439 

December. 

12-0 

9-5 

116,656 

23,232 

64,846       1 

667 

■331 

783 

Total  . 

53-1 

30  1 

354,004 

77,093 

176,134      6 

068 

,  1^097        2^497 

there  was  flowing  26,640  feet,  leaving  the  effects  of 
the  seven  days'  rain  85,836  -  26,640  =  59,196  cubic 
feet,  while  in  the  second  year  the  quantity  flowing  at 
first  was  75,360  cubic  feet,  leaving  the  effects  of  the 
seven  days'  rain-faU  equal  to  115,656-75,360=40,296 
cubic  feet.  The  effect  of  the  previous  state  of  the 
weather  on  the  catchment  must  always  modify,  to  a 
considerable  extent,  the  discharge  from  a  given  rain- 
faU,  and  this  has  more  to  do  with  the  results  than  the 
effect  of  arterial  drainage  itself,  unless  so  far  as  one  is 
a  result  of  the  other.  Taking  the  mean  of  1851  and 
1852,  it  appears  that  the  evaporation  and  absorption 
in  the  Ballinrobe  catchment  were  to  the  rain-faU  as 
41-6  to  98"7,  or  about  42  per  cent.  This  is  certainly, 
from  the  nature  of  the  catchment,  less  than  the  average 
through  Ireland,  which  cannot  be  less  than  60  per 
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cent.  In  high,  steep  districts,  fully  tlu-ee-fourths,  or 
75  per  cent.,  of  the  rain-fall  can  be  collected,  and  at 
times,  when  the  catchment  is  saturated,  nearly  the 
whole  ;  even  in  some  few  limited  cases,  when  springs 
or  hidden  supplies  are  re-tapped,  a  larger  discharge 
may  take  place  than  that  due  to  the  catchment 
and  rain-fall;  but  these  do  not  affect  the  general 
question. 

The  effects  of  absorption  and  evaporation  are  very 
variable ;  sometimes  68  or  60  per  cent,  of  the  annual 
fall  is  carried  off  in  this  way  from  ordinary  flat  tillage 
soils,  and  other  estimates  are  much  higher;  much,  how- 
ever, depends  on  the  soil,  subsoil,  inclination,  stratifica- 
tion, geological  formation,  and  season.  The  evaporation 
from  water  surfaces  exceeds  the  annual  fall  in  these 
countries  by  about  one-third;  and  that  from  flat,  marsh, 
and  callow  lands  exceeds  the  evaporation  from  ordinary 
tillage,  porous,  and  high  lands.  When  the  flat  lands 
along  the  banks  of  rivers  extend  considerably  on  both 
sides,  an  extra  fall  is  necessary  into  the  main  channel, 
along  the  normal  drains,  otherwise  such  lands  must 
suffer  from  excessive  evaporation  as  well  as  floods. 
Evaporation  and  absorption  also  vary  with  the 
climate,  but  in  this  country  we  may  safely  assume 
that  one-third  of  the  whole  rain-faU  passes  on  to 
the  sea. 

The  absorption  and  evaporation  must  not,  however, 
be  taken  as  proportionate  to  the  rain-fall.  From  14 
to  16  inches  from  land  (and  about  33  inches  from 
water)  may  be  taken  in  this  country  as  the  allowance 
to  be  made ;  equivalent  to  an  average  of  about 
15  inches.      The    evaporation  from   the    surface   of 
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reservoirs  is  said  to  be  about  4  feet  in  India.     But  it 
is  probably  greater. 

In  a  paper  in  the  Journal  of  the  Eoyal  Agricultural 
Society  of  England,  vol.  v.  part  1,  1844,  Mr.  Josiah 
Parkes  sbows,  that  42J  per  cent,  of  the  -whole  annual 
rain  of  England  filters  through  the  soil,  and  STg-  per 
cent,  evaporated,  being  the  mean  results  of  eight 
years'  observations,  from  1836  to  1843,  both  included. 
The  mean  evaporation  and  filtration  for  each  month 
during  this  period  are  shown  and  arranged  by  us  in  the 
following  table : — 


MONTHS. 

Total 
falling. 

Evaporated. 

Eemaining. 

Deposited  in 
tons  and  cubic 
feet  per  acre. 

Indies. 

Znclies. 

Per 

cent. 

Inches. 

Per 
cent. 

Cubic 
feet. 

Tons. 

January   . 

February     ,     . 

March     . 

Apra  .        .    . 

May 

June   .        .     . 

July 

August        .     . 

September 

October       .     . 

Kovember 

December    .     . 

1^847 
1-971 
1-617 
1-456 
1-856 
2-213 
2-287 
2-427 
2-639 
2-823 
3-837 
1-641 

•540 
•424 
•540 
1-150 
1-748 
2-174 
2-245 
2-391 
2-270 
1-423 
0-579 
0-164 

29-3 
21-6 
33-4 
79-0 
94-2 
98-3 
98-2 
98-6 
86-1 
50-5 
15-1 
00-0 

1-307 
1-547 
1-077 
0-306 
0-108 
0-039 
0.024 
0-036 
0-369 
1^400 
3^258 
1^477 

70-7 

78-4 

66-6 

21-0 

5-8 

1-7 

1-8 

1-4 

13-9 

49-5 

84-9 

100-0 

4,744 

5,616 

3,910 

1,111 

392 

142 

87 

131 

1,339 

5,082 

11,826 

6,552 

132 
156 
109 
.39 
11 
4 

2-4 

3-6 

37 

141 

328 

182 

Yearly  averages 

26-614 

15-320 

57-6 

11-294 

42-4 

40,932 

1145 

The  maximum  quantity,  32-10  inches,  fell  in  1841, 
and  the  minimum  in  1837, 21*10  inches.  The  maximum 
and  minimum  quantities  respectively  which  fell  in 
January  were  3'95  and  '31  inches ;  in  February  2'85 
and  1'02  inches  ;  in  March  3"65  and  0*34  inches ;  in, 
April  2-57  and  "34  inches ;  in  May  5'00  and  '70  inches; 
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in  June  3-31  and  1-33  inches;  in  Jnly  4-36  and  1'30 
inches  ;  in  August  3-65  and  0*95  inches ;  in  Septem- 
her  4-50  and  0*63  inches  ;  in  Octoher  4-82  and  1-41 
inches;  in  Novemher  5*77  and  2-05  inches;  and  in 
December  3*02  and  '40  iaches.  The  greatest  quanti- 
ties fall  in  September,  October,  and  November,  and 
the  least  in  February,  March,  and  April.  The  general 
mean  faU  for  England  is  said  to  be  31J  inches,  and 
near  London  25  inches. 

The  amount  of  rain  varies,  not  only  at  diflferent 
places  and  different  elevations,  but  also  at  different 
elevations  in  the  same  place.  The  following  table  . 
shows  the  amount  of  rain  collected  in  each  month  in 
1855  at  Greenwich  Observatory,  at  different  eleva- 
tions : — 


Month  in  1865. 

Osier's  anemo- 
meter gauge, 
inches. 

On  the  roof 

of  the 

library. 

Cylinder  partly 

sunk  in  the 

gi'ound. 

January 

February . 

March  . 

April 

May     . 

June 

July     .         .        . 

August    . 

September    . 

October    . 

November     . 

December 

0-2 
0-2 
0-5 
0-1 
0-5 
0-5 
3-1 
0-6 
0-8 
2-6 
0-5 
0-4 

1-0 
1-4 
1-3 
01 
1-5 
0-7 
4-8 
0-8 
1-1 
4-5 
1-1 
0-9 

1-5 
•       1-0 
2-0 
01 
1-8 
0-9 
5-3 
1-4 
2-0 
5-2 
1-5 
11 

Totals     . 

10-0 

19-2 

23-8 

The  cylinder  gauge  was  placed  155  feet  above  the 
level  of  the  sea ;  the  gauge  on  the  roof  of  the  library 
22  feet  over  the  cylinder  gauge,  and  Osier's  anemo- 
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meter  gauge  28  feet  higher  than  the  gauge  on  the  roof 
of  the  lihrary.  In  the  valleys  in  the  lake  districts  of 
Westmoreland  and  Cumberland,  the  annual  fall  varies 
occasionally  from  50  to  100  inches,  and  the  maximum 
fall  is  said  to  obtain  at  about  2000  feet  above  the  level 
of  the  sea  on  high  catchments. 

At  Ballinrobe,  a  gauge  placed  on  the  church  tower, 
60  feet  above  the  ground,  indicated  42  per  cent,  less 
rain  than  one  on  the  ground ;  and  another  experiment 
with  a  change  of  gauges,  gave  68  per  cent,  less  at  the 
greater  elevation ! 

At  Kinfauns  Castle,  Scotland,  a  gauge  600  feet 
high  on  a  hUl,  gave  41^  inches,  while  one  at  the 
base,  580  feet  lower,  gave  only  25|  inches.  In  Kes- 
wick, the  fall  is  65|-  inches,  and  in  Carlisle  only 
30  inches.  At  Kendal  the  fall  is  60  inches  ;  at  Man- 
chester 33  inches  ;  at  Lancaster  45  inches ;  at  Liver- 
pool 34  inches. 

From  the  23rd  of  February  to  the  6th  of  June,  1860, 
the  rain  at  DubHn  was  8  inches.  At  the  Leefin 
Mountain,  which  is  2000  feet  high,  the  rain  was  13"1 
inches.  From  the  23rd  of  February  to  the  9th  of 
July,  the  rain  at  Dublin  was  10"674  inches ;  and  at 
the  same  time,  on  the  Leefin  Mountains  (over  BaUys- 
mutten),  18*1  inches  ;  that  is,  an  increase  of  nearly  80 
per  cent,  in  that  time-  From  the  23rd  February  to 
the  21st  August,  inclusive,  the  rain-fall  at  DubUn  was 
17  inches ;  at  Blessington  21  inches ;  at  Ballysmutten, 
on  the  site  of  a  proposed  reservoir,  27  inches.  This 
showed  an  increase  over  Dublin  of  10  inches.  It 
would  appear  that  from  50  to  nearly  80  per  cent,  more 
rain  fell  at  Ballysmutten  than  at  Dublin.     It  would 
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however  have  been  more  correct  to  compare  the  rain- 
fall at  Kingstown  or  Bray  with  that  on  the  adjacent 
mountains  than  the  rain-fall  of  Dublin. 

Experiments  were  made  at  York  in  1832,  1833,  and 
1834,  for  the  British  Association,  with  three  gauges 
— ^the  first  placed  on  a  large  grass  plot  in  the  grounds 
of  the  Yorkshire  Museum ;  the  second  at  a  higher 
elevation,  43  feet  8  inches,  on  the  roof  of  the  Museum ; 
and  the  tliird  on  a  pole  9  feet  above  the  battlements  of 
the  great  tower  of  the  Minster,  at  an  elevation  over 
the  gauge  on  the  ground  of  212  feet  lOJ  inches.  The 
quantities  received  were  as  follows  : — > 

Average  depth  for 
Pepth  for  three  years,  one  year. 

First  gauge  .        .        .     64 '430  inches    .     .    21  "i??  inches 
Second  gauge  .        .     .     52-169      „        .    .     17-389     „ 
Third  gauge.        .        .     38-972      „        .     .     12-991      „ 

Professor  Phillips  gives  the  following  formula  for 
calculating  the  difference  between  the  ratios  of  rain 
falling  on  the  ground  and  at  any  height  h  in  the  same 
place — f  the  temperature  of  the  season,  and  c  a  co- 
efficient dependent  upon  it ;  then  the  difference  d  is 

The  mean  height  at  which  rain  begins  to  be  formed  by 
this  formula  is  1,747  feet  over  the  ground;  and  at 
356  feet  high,  the  depth  which  falls  is  one-half  of  what 
falls  on  the  ground.* 

A  discussion  of  the  mean  temperature  in  connexion 
with  the  fall  of  rain,  was  completed  at  Greenwich  for 
the  years  1852,  1853,  and  1854 ;    and  at  Oxford  for 

*  Vide  Civil  .Engineer  and  Architect's  Journal  for  1860,  p.  167. 
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the  years  1855,  1856,  and  1857.  The  result  shows 
an  average  of  160-3  rainy  days  at  Greenwich  for  each 
year,  and  146-6  at  Oxford.  The  difference  of  the 
mean  temperatures  of  the  day  of  rain  and  the  day 
before  is  less  than  that  of  the  day  of  rain  and  the  day 
after. 

Mean  tempera-   Mean  tempera-     Mean  tempe- 
ture,  day  ture,  day  of         rature,  day 

before  rain.  rain.  after  rain. 

Greenwich  observations    49-25°      .    .      49-27°      ,    .      48 '98° 
Oxford  do.  49-50       .     ,      49-63       .    ,      49-44 

Dividing  the  winds  into  two  groups,  northerly  and 
southerly,  the  Oxford  observations  give  the  direction 
for  218-5  days'  fair  weather.  The  wind  was  northerly 
for  131-5  days,  and  southerly  for  87  days.  For  the 
remaining  146-5  rainy  days,  the  wind  was  northerly 
for  64-5  days,  and  southerly  for  82  days. 

SEWEEAGE. 

"  The  future  population  of  the  suburbs  of  London 
is  calculated  at  30,000  inhabitants  per  square  mile. 
According  to  the  following  data,  some  of  the  densest 
portions  of  our  large  towns  have  a  population  of  220 
persons  to  an  acre.  The  population  on  the  north  side 
of  the  Thames  is  about  75  persons  per  acre,  and  on 
the  south  side  28  persons  per  acre.  Taking  the 
average  density  of  population  in  our  twenty-one 
principal  towns,  there  appear  to  be  5045  inhabitants 
to  the  square  mile;  but,  from  the  following  table, 
extracted  from  Dr.  Duncan's  report  on  Liverpool,  it 
will  be  seen  that  if  we  select  five  of  our  most  populous 
cities,  the  average  in  these  is  much  greater,  while 
in  others,  it  is  equally  certain  that  the  crowding  is 
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far  less  than  tlie  general  standard  to  which  we  have 
referred : — 


Inhabitants  to 

a  Square  Mile. 

Towns. 

Total  Area. 

Btulded  Area 

Leeds . 

20,892     . 

.       87,256 

London  . 

27,423    . 

.       50,000 

Birmingham 

33,669     . 

.       40,000 

Manchester     . 

83,224    . 

.     100,000 

Liverpool    . 

100,899     . 

.     138,224 

Dr.  Duncan,  however,  states  that  there  is  a  district 
in  Liverpool  containing  12,000  inhabitants  crowded 
together  on  a  surface  of  only  105,000  square  yards, 
which  gives  a  ratio  of  460,000  inhabitants  to  the 
geographical  square  mile.  In  the  East  and  West 
London  Unions,  Mr.  Farr  has  estimated  that  there 
are  nearly  243,000  inhabitants  to  a  geographical  square 
mile  ;  but,  great  as  this  overcrowding  is,  the  maximum 
density  of  Liverpool  is  nearly  double  that  of  the  me- 
tropolis." * 

Geeat  Towns, — The  Registrar-General  estimates 
the  population  of  the  metropolis  in  the  middle  of  the 
year  1870  at  3,214,707,  being  41*2  persons  to  an  acre. 
This  is  London  vdth  the  suburbs,  from  Hampstead  to 
Streatham,  and  from  Woolwich  to  Hammersmith.  He 
estimates  the  population  of  Liverpool  in  the  middle  of 
the  year  1870  at  517,567,  or  101  "3  persons  to  an  acre; 
Manchester,  374,993,  or  83'6  per  acre ;  and  SaHord, 
121,580,  or  23'5  per  acre ;  Birmingham,  369,604,  or 
47'2  per  acre  ;  Leeds,  259,527,  or  12  per  acre ;  Shef- 
field, 247,378,  or  10-8  per  acre  ;  Bristol,  171,382,  or 
36'6  per  acre;  Bradford,  143"197,  or  21'7  per  acre; 
Newcastle-upon-Tyne,  133'367,  or  25  per  acre ;  Hull, 

'  Illustrated  News,  September  8th,  1855. 
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130,869,  or  36-7  per  acre ;  Portsmouth,  122,084,  or 
12"8  per  acre ;  Leicester,  97,427,  or  30'4  per  acre ; 
Sunderland,  94,257,  or  19'6  per  acre ;  Nottingham, 
88,888,  or  44-5  per  acre ;  Norwich,  81,087,  or  10-9 
per  acre;  Wolverhampton,  72,990,  or  21 '5  per  acre. 
The  area  taken  is  the  municipal  boundary  in  all  cases 
except  London.  The  population  of  Edinburgh  is 
estimated  at  178,970,  or  40-4  per  acre ;  of  Glasgow, 
468,189,  or  92'5  per  acre ;  of  Dublin,  with  some 
suburbs,  321,540,  or  38  per  acre.  The  population  of 
these  twenty  towns  of  the  United  Kingdom  is  thus 
estimated  at  7,209,603.  The  population  of  Paris  is 
estimated  at  1,889,842;  of  Vienna,  605,200;  of 
Berlin,  702,437. 

The  amount  of  sewage  is  calculated  at  about  five 
CUBIC  FEET  PEE  PERSON,  including  the  supply  from 
manufactories,  breweries,  distilleries,  &c.  So  high 
as  SEVEN  FEET  PEE  HEAD  has  been  recommended 
as  data  to  calculate  from  by  Captain  Galton  and 
Messrs.  Simpson  and  Blackwell,  in  their  Report  on 
the  Main  Drainage,  and  it  has  been  found  that  about 
half  of  the  estimated  quantity  of  sewage  would  be 
passed  off  in  six  or  eight  hom-s. 

In  calculating  the  size  of  sewers,  however,  the  rain- 
fall must  be  provided  for,  in  addition  to  the  sewage 
matter  from  houses  and  public  establishments.  Mr. 
Bazalgette  calculated  this  for  the  London  sewerage 
at  Jth  of  an  inch  fall  in  24  hours  in  the  urban 
districts,  and  |^th  of  an  inch  for  the  suburban  districts. 
Captain  Galton  and  Messrs.  Simpson  and  Blackwell 
assumed  fths  of  an  inch  fall  during  eight  hours' 
maximum  flow.     This  would  be  1,452  feet  per  acre. 

z  2 
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Assuming  the  highest  data,  we  shall  have  to  provide 

sewers  to  discharge  in  eight  hours 

1,452    cubic  feet  of  rain  water  per  acre, 

SJ  cubic  feet  of  sewage  nearly  per  person. 

Assuming  a  population  of  80  persons  per  acre,  then 

these  figures  would  become 

1  AKn      1,-    J?    i  J-         •  rin  eight  hours,  or 

1,452  cubic  leet  tor  rain,  I  °  t    j- 

oon      -i.-    £    i.  £  -^  about  3i  cmic  feet 

280  cubic  leet  lor  sewage,        1  .    '^ 

\per  minute, per  acre, 

which  shows  that  the  sewage  is  not  more  than  |th 
of  the  rain  water ;  and  that,  in  calculations  for  the 
size  of  sewers,  the  surface  water  is  the  most  important 
element  to  be  considered.  If  we  had  assumed  a  larger 
fall  of  rain,  the  difference  between  sewage  and  rain 
would  be  greater.  On  the  20th  June,  1857,  the  day- 
after  heavy  rain,  the  referees  on  the  Metropolitan 
Drainage  question  found  the  Norfolk-street  sewer  to 
disckarge  3  feet ;  the  Essex-street  sewer  5 J  feet ;  the 
Northumberland-street  sewer  3|  feet ;  and  the  Savoy- 
street  sewer  20J  feet  per  minute  per  acre ;  but  the  last 
result  has  been  controverted. 

It  appears  that  the  daily  amount  of  sewage  varies 
from  4*8  cubic  feet  per  head  in  the  more  thickly  in- 
habited portions  of  London,  occupied  by  a  larger 
portion  of  the  poorer  classes,  to  8  cubic  feet  per  head 
in  the  western  districts,  where  the  value  of  water 
is  more  appreciated,  and  the  cost  less  a  matter  of 
consideration ;  and  the  average  of  the  whole  metro- 
politan districts  appears  to  be  5"8  cubic  feet  per  head 
per  diem.  If  the  day  be  divided  into  three  periods  of 
eight  hours  each,  the  amount  of  the  maximum  flow  is 
between  nine  a.m.  and  five  p.m.  and  49  per  cent,  of  the 
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whole  ;  whilst  only  18  per  cent,  flows  during  the  eight 
hours  of  minimum  flow,  which  occur  between  eleven 
P.M.  and  seven  a.m.*  The  advantage  of  storm  flows 
in  flushing  is  shown  by  the  heavy  rain  which  occurred 
on  the  20th  of  June,  causing  a  flow  in  the  Savoy-street 
sewer  which  was  equivalent  to  20  times  the  ordinary 
flow  at  the  time.  This  was  six  times  the  maximum 
flow,  and  although  the  sewer  had  been  scoured,  to  a  con- 
siderable extent,  by  a  heavy  fall  of  rain  on  the  previous 
night,  the  sample  contained  more  than  double  the 
amount  of  total  impurity  contained  in  specimens  of 
ordinary  sewage. 

In  a  town  district,  such  as  that  drained  by  the 
Savoy  and  Northumberland- street  sewers,  the  quantity 
running  off  into  sewers,  within  six  hours  after  the  fall, 
varies  from  10  to  60  per  cent,  of  the  quantity  fallen. 
Of  the  rain  during  the  storm  of  the  20th  June,  1857, 
nearly  one  .inch-and-a-quarter  in  an  hour,  65  per  cent, 
ran  off  within  15  hours  of  the  fall,  viz. : — 

46  per  cent,  in  45  minutes  after  the  rain  ceased, 

14        „         in  the  next  6|  hours, 
5        „         in  the  next  7^  hours. 
In  a  suburban  locality,  such  as  the  Counter  Creek  sewer 
drain,  the  quantity  reaching  the  sewers  would  vary  from 
0  to  30  or  40  per  cent,  in  24  hours  after  the  raiu.t 

In  the  Holbom  and  Finsbury  divisions  Mr.  Eoe 
calculated  that  an  18-inch  cylindrical  pipe,  laid  at  an 
inclination  of  1  in  80,  is  sufficient  for  20  acres  of 
house  sewage,  while  a  5-inch  pipe,  laid  at  an  inclina- 
tion of  1  in  20,  is  necessary  for  1  acre,  and  a  3-inch 

*  Metropolitan  Main  Drainage  Report,  pp.  15,  17. 
+  Ibid.,  pp.  75,  76. 
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pipe,  laid  also  at  1  in  20,  for  i  acre.  A  pipe  30" 
in  diameter,  laid  with  an  inclination  of  1  in  200,  would 
discharge  1700  cuhic  feet  per  minute,  and  perfectly 
drain  200  acres  of  urhan  land  covered  with  houses  to 
the  extent  of  4000  or  upwards,  and  each  house  having 
a  water  supply  of  150  gallons  per  diem.  In  each  of 
these  cases,  however,  the  discharge  must  depend  on  the 
head  and  length  of  the  pipe  as  well  as  the  inclination 
at  which  it  is  laid.  Assuming  the  inclination  of  those 
pipes  to  correspond  with  the  hydraulic  incliaation,  we 
have  calculated  their  discharging  powers  with  water  to 
be  respectively  807,  72,  20,  and  1700  cubic  feet  per 
minute,  the  areas  to  be  drained  being  20,  1,  J,  and 
200  acres.  In  all  calculations  of  this  kind  it  is  neces- 
sary to  ascertain  not  only  the  maximv.m  rain-fall  per 
hour,  but  also  the  proportions  discharged  per  hov/r, 
according  to  the  season  and  district,  into  the  main 
channel,  as  well  as  the  junctions  or  places  of  arrival. 
In  urban  districts,  1500,  2100,  and  sometimes  3600 
cubic  feet  per  hour  per  acre,  have  to  be  discharged 
after  extraordinary  rain-faUs.  These  may  be  taken  as 
maximum  results.  The  gaugings  of  the  Westminster 
sewers  in  summer  give  53  cubic  feet  per  hour  for  the 
urban,  and  17  cubic  feet  for  the  suburban,  according 
to  Mr.  Hawkins. 

In  urban  districts,  however,  a  much  larger  quantity 
of  water  is  conveyed  more  rapidly,  cmteris  paribus,  to 
the  mains,  than  in  suburban  districts  and  catchment 
basins  generally,  in  which  the  maximimi  discharge 
per  acre  per  hour,  even  in  the  steeper  and  higher 
districts,  seldom  exceeds  700  cubic  feet,  and  varies 
ivom  about  20  cubic  feet  for  the  larger  and  flatter 
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districts  upwards.  This  arises  from  the  impervious 
nature  of  the  surfaces  it  falls  upon  in  towns,  and  the 
lesser  waste  in  passing  to  the  drains,  as  well  as  a  large 
portion  of  the  supply  being  often  artificial.  From  70 
to  90  cubic  feet  *  per  acre  per  hour,  is  generally  taken 
for  the  maximum  discharge  from  the  average  number 
of  catchment  basins ;  this  is  nearly  equal  to  a  supply 
of  one-fiftieth  part  of  an  inch  in  depth  from  the  whole 
area. 

SECTION  XIII. 

WATER     SUPPLY     FOE     TOWNS. STRENGTH    OF   PIPES. 

SEWERAGE     ESTIMATES     AND      COST.  THOROUGH- 
DRAINAGE. — ARTERIAL   DRAINAGE. 

SUPPLY. QUALITY. 

The  supply  of  water  to  towns  has  become  latterly 
a  subject  of  considerable  importance.  Three  points 
have  to  be  considered ;  —  firstly,  a  sufficient  and 
constant  supply  at  high  pressure,  when  it  can  be 
obtained  within  a  reasonable  expenditure ;  secondly, 
the  quality  ;  and,  thirdly,  the  cost.  The  advantages 
in  towns  of  high  pressure  are  now  apparent  to  all  in 
overcoming  fire ;  fronts  of  houses  and  pavements  may 
also  be  cleaned,  and  streets  watered  if  the  supply  be 
abundant.  The  highest  apartments  can  be  supplied, 
and  even  mechanical  power  can  be  obtained  for  many 
purposes,  as  grinding  coffee,  at  a  reasonable  cost. 
Mr.  Glynn  says,t  "In  many  parts  of  London  water  is 

*  Some  interesting  observations  on  rain-fall  and  flood  discharges  are 
given  in  the  Transactions  of  the  Institution  of  Civil  Engineers,  Ireland, 
for  1851,  pp.  19-33,  and  pp.  44-52. 

+  Power  of  Water. — Wealb. 
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supplied  at  4d.  for  1000  gallons,  at  a  pressure  of  150 
feet :  a  gallon  of  water  weighs  10  lbs.,  so  that  1000 
gallons  of  water  falling  150  feet,  are  equal  to 
1,500,000  lbs.  falling  one  foot ;  and  if  1500  gallons 
of  water  be  used  in  one  hour,  they  are  equal  to 
37,500  lbs.  falling  one  foot  in  one  minute,  or  some- 
what more  than  a  horse's  power,  which  is  33,000; 
therefore,  it  may  be  assumed,  that  the  cost  of  a  horse's 
power  for  an  hour  in  such  cases,  is  only  &d." 

The  number  of  gallons  of  water  required  for  the 
supply  of  each  person,  includrog  all  collateral  uses, 
has  been  differently  estimated,  and  varies  in  almost 
every  town,  and  even  in  the  same  city — London,  for 
instance,  when  suppHed  by  different  companies  and 
under  different  systems.  44  gallons  per  head,  per 
diem,  were  supplied  by  the  several  companies  of 
London  in  1853,  while  evidence  has  been  given  to 
show  that  the  actual  average  consumption  fot  all 
purposes  did  not  exceed  10  gallons  per  head,  per 
diem;  the  remainder  having  been  wasted  under  an 
imperfect  system  of  distribution.  It  is  asserted  that 
when  the  supply  is  25  gallons  per  head,  per  diem,  that 
5  gallons  of  it  are  used  for  purposes  requiring  filtra- 
tion, 10  gallons  for  purposes  not  requiring  filtration, 
and  10  gallons  wasted,  or  two-fifths  of  the  supply. 
As  there  must  be  a  considerable  loss  under  even 
the  best  system  of  supply,  we  may  assume,  with  the 
Board  of  Health,  that  a  minimum  supply  of  75 
gallons  per  house,  per  diem,  or  15  gallons  per  person, 
per  diem,  is  necessary. 

The  following  is  an  abstract  of  the  average  number 
of  gallons  of  water  furnished  per  diem,  by  different 
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water  companies  in  London,  during  the  year  1853,  to 
each  house,  including  manufactories  and  public  estab- 
lishments as  houses : — 


New  Eiver  Company 

East  London  Water  Works . 

West  Middlesex  Water  Works        .         .     . 

Grand  Junction  Water  Works     . 

Souttwark  and  Vauxhall  Companies'  Houses 
Ditto  average  houses,  juanufactories,  public 

establishments 

Chelsea  Water  Works 

Hampstead  Water  Works        .         .         .     . 
Kent  Water  Works 

Mean  values 

Gallons. 

Per  house. 

Per  person. 

193 
187 
204 
1319 
{336 
175 

209 
227 
111 
270 

38-3-5 
37-2-5 
40-4-5 
I  63-4-5 
j  67-1-5 
35 

41-4-5 
45-2-5 
22-1-5 
54 

2231 

446-1-5 

223-1-10 

44-3-5 

These  quantities  have  been  calculated  from  the 
parliamentary  returns  made  in  1854  ;  and  if  there  be 
any  truth  in  the  calculations  and  returns  of  the  quan- 
tities actually  consumed  per  person — said  to  be  10 
gallons — we  get  the  proportion,  as  10  is  to  34  so  is  the 
quantity  consumed  to  the  quantity  wasted.  But,  even 
assuming  the  quantity  consumed  to  be  20  gallons  per 
head,  what  an  immense  loss  is  here  exhibited  from 
want  of  a  suitable  system  of  check  and  distribution. 

For  large  towns  it  is  safe  to  provide  for  many  pur- 
poses, besides  present  personal  or  house  wants ;  and 
it  is  safer,  where  it  can  be  done  without  much  extra  cost, 
to  provide  for  a  supply  of  40  gallons  to  each  inhabitant, 
even  if  this  quantity  should  not  be  used  or  raised. 
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For  high  pressure,  the  supply  required  will  generally 
vary  from  15  to  40  gallons,  or  from  2*5  to  6*5  cubic  feet 
to  each  inhabitant,  or  for  an  average  of  about  28  gal- 
lons, including  the  supply  to  stables,  offices,  manufac- 
tories, and  breweries. 

The  storage  in  reservoirs  should  be  for  about  120  or 
160  days'  supply,  including  the  quantity  necessary  for 
mills  and  riparian  occupiers  lower  down.  This  latter 
is  taken  very  often  at  about  half  the  former ;  so  that 
two-thirds  of  the  storage  may  be  available  for  the  town, 
and  one-third  for  mills  and  riparian  lands.  The  actual 
relation,  however,  depends  on  local  circumstances. 

The  quality  of  water  for  drinking,  washing,  or  cook- 
ing, is  also  an  important  element  in  selecting  a  source 
of  supply.  Hardness  is  measured  by  the  number  of 
grains  of  chalk  or  carbonate  of  lime  to  a  gallon  of 
water,  each  called  a  degree.  The  average  hardness  of 
spring  water  is  about  26°,  that  is,  26  grains  of  car- 
bonate of  lime  to  one  gallon  of  water.  Rivers  and 
brooks  have  an  average  hardness  of  13°,  and  water 
derived  from  surface  drainage  5° ;  hence  the  great  ad- 
vantage of  the  latter  kinds  of  water  in  washing.  The 
average  hardness  of  the  London  pipe  waters  is  from 
10°  to  16°.  The  following  extracts  from  a  report  and 
analyses  furnished  to  me,  in  1855,  by  Professor  Sulli- 
van, of  the  Museum  of  Irish  Industry,  Dublin,  wiU 
show  what  is  generally  required  on  this  head  : — 

"  On  the  annexed  page  you  will  find  the  numerical 
results  of  my  analyses  of  the  four  samples  of  water 
which  you  left  with  me  for  examination.  From  the 
table  you  will  perceive  that  the  water  of  the  Mattock 
River  appears  to  ^be  the  purest,  so  far  as  the  nature 
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and  the  amount  of  the  foreign  substances  held  dissolved 

in  it  is  concerned.     The  water  of  the  Boyne  comes 

next  in  quality  to  that  of  the  Mattock  Eiver,  the  pump 

water  being  in  every  sense  the  worst,  so  far  as  amount 

of  ingredients  can  be  taken  as  a  test  of  the  quality  of 

a  water  ;  in  this  respect,  indeed,  it  resembles  the  water 

of  the  deep  wells  of  London  and  elsewhere. 

"As  the  ordinary  mode  in  which  the  quality  of  a 

water,  for  drinking  and  for  culinary  and  like  purposes, 

is  judged  of  is,  by  the  comparative  amount  of  organic 

matter,  the  total  amount  of  dissolved  matter,  and  its 

hardness,  according  to  the  '  soap  test,'  I  shaU  give  in 

the  following  table  the  numbers  representing  each  of 

these  qualities : — 

TABLE  showing  the  number  of  grains  of  Organic  Matter,  ami  the 
member  of  grains  of  Solid  Matter,  in  an  Imperial  Gallon  of 


Number  of 

Number  of 

Degree  of 

Grains  of 

Grains  of 

Hardness 

Water  from 

Organic  Matter, 

Solid  Matter, 

according  to 

per 

per 

the 

Imperial  Gal. 

Imperial  Gal. 

Soap  Test. 

No.  1.  TuUyescar    .     . 

8-975  grs. 

31-175 

15  8-lOths. 

,,    2.  River  Mattock  . 

2-  (atout) 

15-360 

9  1-lOth. 

,,    3.  Rirer  Boyne 

3-250 

22-700 

14  9-lOtlis. 

„   4.  Bum's  Pump    . 

7-100 

76-850 

34  4-lOths. 

"  In  order  to  render  this  table  more  instructive,  it 

may  be  well  to  subjoin  a  few  of  the  results  obtained 

from  the  analyses  of  the  waters  of  other  localities. 

TABLE  showing  the  nwiriber  of  grains  of  Solid  Matter  contained  in  one 
gallon  of  thefollovnng  Water  : 

Thames  at  Greenwich       ....  27 '9  grains. 

London 28-0     „ 

,,         Westminster  .        .        .        .  24-4      ,, 

,,         Twickenham      .        .        .     .  22-4      ,, 

„         Teddington    ....  17-4      „ 
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New  River  (London)  .        >        .        . 
JjCa       ,,  ,,  ... 

Trafalgar  Square  Fountain,  Deep  "Well 
Well  in  St.  GUes's;  Holbom    . 
Artesian  "Well  at  Grenelle  (Paris) 


19 '2  grains. 

23-7      „ 

68-9      „ 

105-0      „ 

9-86    „ 


"The  following  are  some  of  the  results  obtained 
from  an  examination  of  the  waters  in  the  neighbour- 
hood of  Dublin,  or  which  have  been  proposed  as  a 
source  of  supply  :* — 


Total 

Totaa 

Degree 

Locality  from  whence  Water 

Number  of 

Number  of 

of  Hardness 

was  obtained. 

Grains  per 

Grains 

according 

Imperial 

of  Organic 

to  the  Soap 

Qifllon. 

Matter. 

Test. 

degs. 

Eoyal  Canal  (12tli  Look)  .        .     . 

21-0 

2-80 

14-0 

Grand  Canal  (7tlL  Lock) 

16-300 

2-30 

10  3-4ths. 

Eiver  Liifey,  at  Eppure  .        .     . 

3 -622 

1-90 

0  2-lOths; 

,,               Plioulapliouca 

5-125 

1-50 

0  2-lOths. 

Lough  Dan,  Co.  Wioklow         .     . 

2-800 

1-225 

0  8-lOths. 

River  Dodder,  at  City  Weir  . 

8-350 

1-625 

1  S-lOths. 

Lough  Owel 

10-225 

1-550 

6  7-lOths. 

*  Dr.  Apjohn  gave  the  following  analyses  : — 

Total  matter     Organic       Hai'd- 
dissolved.       matter.        ness. 

Grand  Canal — mean  of  seven  analyses    .     20-78     .  -95    .     15-9 

Royal  Canal— mean  of  five  analyses        .     20-76    .  1-64    .     14-1 

Liffey — mean  of  eleven  analyses        .     .      8 -'62    .  1-77    .      6-1 

Analysis  of  the  deposition  on  pipes  from  the  PortoheUo  hasin : — 

Water •.  2-20 

Organic  Matter       .        .        .         .        .     .  9-71 

Sand 10-20 

Peroxide  of  Iron  and  Alumina         .         .    .  3-50 

Carhonate  of  Lime 74-20 

Carbonate  of  Magnesia "19 


100- 
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Professor  Apjolm'  gave  the  following  analyses  of 
waters  furnished  to  the  city  of  Dublin  in  1860.  It 
shows  how  necessary  it  is  to  distinguish  the  time  of 
taking  specimens  for  analysis,  and  the  previous  state 
of  the  weather  as  affecting  the  foreign  matters  in  the 
water.  The  specimens  were  collected  on  the  5th  and 
19th  of  May,  1860.  The  quantity  operated  upon  in 
each  instance  was  an  imperial  gallon,  or  277*273  cubic 
inches : — 


CITY  WATER  COURSE,    DODDER. 


5th  May, 

Carbonate  of  lime        .     •  I  4.0156 
Carbonate  of  magnesia     .  \ 
Sulphate  of  lime  and  chlo- 
rides   of    sodium    and  \  2 '269 


magnesium  . 
Silex  . 
Organic  matter 


0-166 
1-811 

8-302 


19th  May. 
7-308-^ 
0-700 

2-171 

0-526 
1-101 J 

11-806 


Specific  gravity  of 
specimen  (5th  May) 

1-00011. 

Specific  gravity  of 

specimen  (19th  May) 

1-00014. 


POKTOBBLLO  BASIN. 


Carbonate  of  lime        .     . 

Carbonate  of  magnesia 

Sulphate  of  lime  and  chlo- 
rides   of    sodium    and  , 
magnesium  . 

Silex  . 


Organic  matter 


7-687 

4-058 

■  0-073 
3-308 

15-126 


11-660^ 
0-764 

3-751 

0-194 
2 -289  J 

18-658 


Specific  gravity  of 
specimen  (5th  May) 

1-00023. 

Specific  gravity  of 

specimen  (19th  May) 

1-00031. 


It  will  be  observed  that  the  quantities  of  saline  and 
other  ingredients  found  in  specimens  of  the  same  water 
collected  at  the  two  separate  periods  above  mentioned 
are  materially  different ;  those  obtained  at  the  later 
date  (May  19)  containing  the  larger  portion  of  foreign 
matters.  The  extent  of  this  variation  is  very  consider- 
able, and  it  appears  to  Dr.  Apjohn  to  have  been  the 
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consequence  of  a  very  considerable  fall  of  rain,  which 
took  place  in  the  interval  between  the  periods  at  which 
the  specimens  were  taken  up  for  analysis. 

When  the  means  of  the  precediag  analyses  are  taken, 
we  obtain  the  following  results  : — 

City  Water  Course.       Portobello  Bajsin. 
Mean  amount  of  saline  matter  .     8 '598      .       14'094 

,,  „  organic  matter         .     1'456      .        2'798 

The  quality  of  a  water  for  drinking  purposes  de- 
pends in  a  great  degree  upon  the  condition  in  which 
the  organic  matter  is  found,  much  more  than  upon  its 
quantity.  This  is,  however,  a  question  outside  of  the 
domain  of  chemistry,  and  can  only  be  solved  by  the 
aid  of  the  microscope. 

As  a  general  rule,  the  water  of  clear  flovring  rivers, 
even  though  it  may  contain  a  large  amount  of  solid 
matter,  and  even  of  organic  matter,  will  be  found 
wholesomer  than  well  water,  especially  in  towns. 

The  whole  of  the  lime  and  magnesia  existing  as 
carbonates  is  precipitated  by  boiling,  the  water  being 
thus  proportionably  rendered  less  hard ;  lime  and 
magnesia  existing  as  sulphates  or  chlorides,  on  the 
other  hand,  are  not  precipitated.  This  difference  is 
of  great  consequence  in  culinary  operations,  as  where 
boiled  water  is  used,  the  carbonates  of  lime  and 
magnesia  are  not  injurious,  and  if  no  sulphates  or 
chlorides  be  present,  the  water  may  be  soft  after 
boiling.  The  same  observation  applies  to  water  used 
for  washing  clothes  when  boiled.  And  lastly,  sul- 
phate of  lime  forms  one  of  the  worst  elements  of  fur  or 
deposit  upon  steam  boilers. 
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Tahular  Results  of  the  Spedal 
from  the 


Analyses  of  Four  Samples  of  Water 
'  ofhrogheda. 


Nature  of  disaolved 

rnatter 

No.  1. 
Tullye- 

No.  2. 
Mattock 

No.  3. 
Boyne 

No.  4. 
Burn's 

Observations. 

Jb^AU  u  uu^  « 

scar. 

Elver. 

River. 

pump 
water. 

■    Inclusive  of  a 

verysmallquan- 

Carbonate  of  lime    .    . 

9-360 

7-302 

U-648 

21-476) 
0-585/ 

tity    of     phos- 

Carbonate  of  magnesia 

0-429 

0-510 

0-888 

■  phate   of    lime 
and     iron    not 

separated  from 

Vthe  lime. 

Sulphate  of  lime      .    . 

9 -043 

2-514 

4-459 

4-568 

Chloride  of  magnesium 

0-743 

1.258 

1-685 

8-445 

Chloride  of  calcium      . 

9-624 

\ 

Chloride  of  sodium 

0-991 

Magnesia    existing   aa 

erenate,    &c.,  in  the 

water      .       .        .    . 

0-464 

,. 

Lime       do.        do. 

0-548 

Sihca       do.        do. 

0-627 

0-322 

2-212 

Potash  and  soda  exist- 

ing in  water,  as  ni- 

trates, oreuates,   and 

other  organic  salts.    . 

1-644 

f  2-785 

0-448 

22-393 

Organic  matter     . 

8-976 

3-260 

7-100 

per  Imperial  gaUon   . 

31-176 

15-360 

22-700 

76-850 

The  saving  in  soap  effected  by  a  reduction  of  10  de- 
grees in  hardness,  is  found  to  be  over  50  per  cent. 

Some  of  the  metropolitan  waters  analysed  by  Dr. 
Eobert  Dundas  Thomson,  F.R.S,,  were  found,  in  May, 
1860,  much  more  impure  than  others,  the  samples  of 
which  had  been  taken  at  the  beginning  of  the  month, 
before  the  impjuities  conveyed  by  the  rains  had  con- 
taminated them.  The  supply  afforded  by  large  and 
small  rivers,  as  in  London,  in  this  table,  contrasts 
most  unfavourably  with  that  afforded  by  the  drainage 
of  mountain  ridges,  as  at  Glasgow  and  Manchester. 
The  specimens  of  water  from  the  two  latter  cities  were 
taken  by  the  instructions  of  Mr.  Bateman,  F.E.S.,  the 
engineer,  from  the  main  pipes  during  the  month.     It 
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should  be  the  object  of  the  London  Companies  to  avoid 
pumping  the  water  in  its  most  impure  state,  and  to 
store  it  when  in  the  condition  of  the  greatest  purity. 


Distilled  water 

Loch  Katrine  water,  new  supply  to  Glasgow 
Manchester  water  supply  .  .  .  . 
Thames  Companies  : — Chelsea 

Southwark 

Grand  Junction 

West  Middlesex     ...'.. 

fiambeth 

OtHee  Companies  : — New  Eiver  . 

East  London 

Kent 

Total 
Impurity 
per  gallon. 

Organic 
Impurity 
per  gallou. 

Grs.,  or  ". 

0-0 

3  16 

■■      4-32 

17-84 

17-08 

20-72 

20-08 

20-80 

18-52 

23-64 

21-68 

Grs.,  or°. 
0-0 
0-96 
0-64 
1-48 
1-64 
2-00 
2-08 
2-40 
1-56 
3-20 
2-96 

The  table.is  read  thus  : — Loch  Katrine  water  contains 
in  the  gallon  3"16  degrees,  or  grains,  of  foreign  matter 
in  solution,  of  which  *96  degrees,  or  grains,  are  of 
vegetable  or  animal  origin. 


SOURCES  AND  GATHEEING  GEOUNDS. 

The  sources  from  which  a  water  supply  for  towns 
may  be  derived  are  lakes,  rivers,  and  streams,  springs, 
wells,  and  gathering  grounds.  Of  the  latter  it  may  be 
said  that,  however  ably  put  forward  under  the  auspices 
of  the  Board  of  Health,  it  is  far  safer  to  resort  to  good 
river  waters  than  trust  to  what  has  been  termed,  with 
some  satirical  truth,  "  new-fangled  schemes  of  pot-piped 
gathering  groimds."  Springs  and  weUs  afford,  at  best, 
but  a  partial  supply  unless  for  villages  or  manufactories ; 
and  we  must  almost  always  trust  to  lakes,  rivers,  or 
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TABLE  showing  the  Quantities  of  Gathering  Orou/nd  wnd  Reservoir 
Room,  to  supply  u,  given  population  with  15,  30,  and  40  gallons  of 
water  per  head  per  diem.  The  reservoir  room  is  calculated  to  hold 
12  iruihes  in  depth  of  rain-fall  per  mile  as  a  guide  for  lesser  depths. 
For  4  inches  the  results  are  to  be  divided  iy  S  ;  and  for  6  inches  ty  2. 


"a 

tj  s 
©"a 

p  ft 
»^ 


(X  ^ 

l§ 

p.  00 


"■a 
^  a* 


2,500 

5,000 

7,500 

10,000 

12,500 

15,000 

17,500 

20,000 

25,000 

30,000 

35,000 

40,000 

45,000 

50,000 

55,000 

60,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95,000 

100,000 

105,000 

110,000 

115,000 

120,000 


1,250 

2,500 

3,750 

5,000 

6,250 

7,500 

8,750 

10,000 

12,500 

19,000 

17,500 

20,000 

22,500 

25,000 

27,500 

30,000 

32,500 

35,000 

37,500 

40,000 

42,500 

45,000 

47,500 

50,000 

52,500 

55,000 

57,500 

60,000 


SI 

9  e« 


•IS 

Piim 


937 

1,875 

2,812 

3,750 

4,687 

5,625 

6,562 

7,500 

9,375 

11,250 

13,125 

15,000 

16,875 

18,750 

20,625 

22,500 

24,375 

26,250 

28,125 

30,000 

31,875 

33,750 

35,625 

37,500 

39,375 

41,250 

43,125 

45,000 


9  .-Si 
-11  i 
""  o  a  >> 

llii 


4-179 
8-358 
12-536 
16-715 
20-894 
25-072 
29-251 
33 '430 
41-788 
50-145 
58-5 
66-9 
75-217 
83-57 
91-932 

100-29 

108-65 

117- 

125-36 

133-72 

142-1 

150-435 

158-8 

167-15 

175-5 
183-86 
192-22 
200-58 


a 


It 


_L 


-0375 
-075 
•1125 
-15 
■1875 
-225 
-2625 
■300 
■375 
■45 
■525 
•6 

•675 
■75 
■825 
■9 

■975 
1-05 
1-125 
1-2 
1-275 
1-35 
1-425 
1-5 
1^57 
1-65 
1-72 
1-8 


.Solas' 


.9  8 ''a 


-0789 

■1577 

■2366 

■3154 

•3942 

-4731 

-5519 

■6308 

■7885 

■9462 

1-1039' 

1-2616 

1-4193 

1-577 

1-734 

1-8924 

2-0501 

2-2078 

2-3655 

2^5232 

2^6809 

2  •8386 

2-970 

3^154 

3^311 

3-469 

3^62 

3^785 


tl 
2«. 


o^^  <s  ft 


2-196 
4-393 
6-589 
8-786 
10-982 
13-179 
15-375 
17-572 
21-965 
26-358 
30-75 
35-144 
39-537 
43-93 
48-32 
52-716 
67-109 
61-502 
65^895 
70 '288 
74-681 
79^074 
83^467 
87^86 
92^25 
96^64 
101^10 
105  ^43 
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streams,  with  reservoirs,  for  stowage,  for  a  sufficient 
supply  for  large  towns.  The  Croton  aqueduct,  con- 
veying water  with  an  average  of  three  degrees  of 
hardness,  to  New  York,  is  perhaps  the  noblest  work 
for  water  supply  of  modem  times.  The  length  of  the 
aqueduct  is  about  44  miles,  with  a  channel  inclination 
of  about  15  inches  per  mile.  The  receiving  reservoir 
is  about  two  miles  higher  up  the  channel  than  the  dis- 
tributing reservoir,  which  latter  is  115  feet  over  the 
level  of  the  sea,  and  commands  the  highest  buildings 
of  the  city.  In  the  driest  weather  the  supply  is  equal 
to  28,000,000  gallons.*  The  cost  of  the  work,  includ- 
ing the  purchase  of  land  and  water  rights,  was  8,575,000 
dollars,  or  £8  per  Hneal  foot  nearly.  The  cost  of  dis- 
tributing pipes  was  1,800,000  dollars.  We  have  had 
also  the  Loch  Katrine  and  Glasgow  aqueduct,  a  noble 
work,  constructed  after  this  model  by  Mr.  Bateman, 
notwithstanding  the  previous  supply  of  that  city,  or  a 
portion  of  it,  the  Gorbals,  from  gathering  grounds  at  a 
high  level.  The  Vartry  supply  for  Dublin,  carried  out 
under  the  same  engineer  and  Mr.  P.  Neville,  the  city 
surveyor,  is  derived  by  embanking  and  storing  the 
waters  of  the  Eiver  Vartry.  It  is,  however,  sometimes 
necessary  to  make  use  of  such  grounds,  particularly 
when  flanking  or  lying  above  glens  where  an  embank- 
ment may  be  easily  thrown  across,  and  the  supply 
stored  for  use,  which  would  otherwise  pass  quickly  off. 
The  table,  page  353,  gives  the  areas  of  reservoirs  and 
gathering  grounds  according  to  a  collection  of  one  foot 
in  depth  from  the  catchment ;  it  can  be  easily  modified 

*  Schramke's  Croton  Aqueduct,  New  York. 
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when  the  storage  or  required  supply  exceeds  or  falls 
short  of  this  depth.  One  acre  of  gathering  ground  with 
a  collection  of  twelve  inches  of  rain  fall  from  it  annually 
will  give  a  daily  supply  of  five  cubic  feet  per  head  to 
twenty  f^our  inhabitants ,-  or  of  four  cubic  feet,  or  twenty- 
five  gallons,  to  thirty  inhabitants. 

The  next  table  will  he  of  use  in  showing  the  actual 
quantities  which  have  been  collected,  or  could  have 
been  collected,  for  storage.  Homersham,  Hughes, 
and  Beardmore's  books  have  been  consulted  in  arrang- 
ing it. 

The  various  methods  employed  for  purification  may 
be  classed  under  three  heads :  mechanical,  by  filtering 
or  straining;  chemical,  or  antiseptic  media,  such  as 
peat  and  animal  charcoal,  and  precipitation  by  the  use 
of  lime  water ;  and  the  natural  precipitation  of  impuri- 
ties when  the  water  is  at  rest,  as  well  as  the  purifica- 
tion which  takes  place  from  oxidation  and  neutralization 
on  thorough  exposure  by  the  ozone  of  the  atmosphere. 
This  latter  plan  has,  however,  been  tried,  and  signally 
failed.  Filter  beds  may  be  constructed  to  have  a  sur- 
face area  of  one  square  yard  for  every  800  gallons 
filtered  in  twenty-four  hours.  For  executed  works  the 
proportions  vary  from  1  in  460  to  1  ia  1140. 

COST. 

With  reference  to  cost,  the  following  tables,  arranged 
by  us  from  various  sources,  wiU  afibrd  information  from 
works  executed. 

The  estimated  cost  of  the  water  supply  for  Dublin 
from  the  Vartiy  was  £300,000  for  12,000,000  gaUons 
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TABLE  showmg  information  with  reference  to  size  of  Reservoirs,  Catch- 
ment Areas,  iSsc.,  collected  and  a/rrangecL  from  various  cmtlwrities. 
The  first,  fifth,  and  sixth  columns  contain  imformation  with  reference 
to  reservoirs  amd  the  collecting  areas  ;  the  second,  third,  amd  fowrth, 
sham  f  err  different,  districts  the  whole  rainfall,  and  the  portions  or  per 
centage  JUywing  off  a/nd  available. 


Names  of  Drainage 
Areas  and    . 

a 

§1 

.11 

■s| 

las 

ll 

If! 
1^ 

Hi 

1° 
ogg 

names  of  Heservoirs. 

II 

p 

i 

5l* 

1  - 

Ashton      .... 

•59 

40  0 

15  ^5 

39 

21-0 

12 

Albany  VTorks,  U.S.     . 

■29 

11 

32 

Ballinrobe,  Ireland 

110 

49-3 

28-5 

58 

Belmont      (moorland). 

mean  of  four  years    . 

2-81 

64-5 

39  ■O 

72 

26^8 

75 

Bolton  .... 

■80 

26-6 

20 

Bute  (low  country) .    . 

45'4 

23-9 

53 

Bateman's  evidence  on 

the  drainage  area  of 

liongdendale  :— 

First  half  of  1845,  very 

dry      . '      . 

21-2 

13-5 

64 

.. 

Second  half  of  1845  .    . 

,  . 

38-6 

27^25 

71 

Firsthalf  ofl846  . 

22^5 

17^5 

78 

., 

Oct.,  Nov.,  and  Dec., 

1846 

10-2 

8-67 

85 

., 

., 

Bann  Reservoir  (moor- 

land)  .... 

,, 

72- 

48-0 

66 

Drainage  areas  on  south 

side     of     Longridge 

1       - 

15  ■S 

29 

Fen,    near    Preston, 

r  ■• 

si- 

18-0 

33 

.. 

.. 

May,  1852,  to  April, 

)   ■■ 

^» 

22-0 

43 

.. 

1863                .        .    . 

Dilworth  Reservoir  of 

Preston  Works,  Lan- 

cashire 

•092 

640 

5 

Glencorse .       ... 

6-00 

s'fo 

22'-3 

60 

7^66 

46 

Greenock 

7-88 

60  0 

41^0 

68 

38- 

300 

Homersham's  estimate 

m 

of  24,000  cubic  feet  of 

Reservoir  to  each  acre 

of  drainage     .       .    ., 

•1 

.. 

15-36 

16-36 

Longdendale, 

23-8 

.. 

.. 

12-3 

292 

Proposed  Reservoir  for 

WolverhamptonWorks 

22J- 

,, 

,. 

•7 

16 

RiTington  Pike     . 

16-25 

Bs'5 

24-25 

44 

29-6 

481 

Sheffield    .... 

1-42 

36-5 

62 

Turton  and  Entwistle  . 

318 

46'2 

41-b 

89 

31-43 

100 
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daily.  It  is  said  to  have  cost  £,1  lis.  Qd.  a  head, 
Glasgow  ^3,  Manchester  ^2  18s.,  and  Birmingham 
M.  The  annual  cost  of  filtering  1,000,000-  gallons 
daily,  capitalized,  is  put  down  at  ^61,250  by  Sir  John 
Hawkshaw  in  his  report  on  the  Dubhii  supply.  This 
would  be  £62  10s.  yearly.  It  varies  from  £40  to  £120 
under  different  circumstances.  The  works  of  construc- 
tion and  the  first  cost  of  the  filters  may  be  taken  at 
about  £2,000  for  each  1,000,000  gallons  to  be  filtered 
daily. 

The  supply  to  the  suburbs  of  Dublin  is  given  at  a 
charge  of  about  3J  pence  for  each  1,000  gallons.* 

The  actual  cost  of  aU  works  for  house  service  varies 
very  much  in  different  towns,  and  with  the  quantities 
supplied,  from  a  general  average  of  Id.  per  house  per 
week,  to  Id.,  and  from  an  annual  rate  of  Qd.  in  the 
pound  to  Is.  &d.,  and  higher.  The  cost  of  raising  and 
supplying  1,000  gallons  from  a  height  of  135  feet  in 
Nottingham  is  said  to  be  Zd.,  and  the  charge  for  house 
service  to  vary  from  5s.  to  60s.  annually.  In  Rugby, 
the  average  cost  per  house  is  19s.  per  year,  4Jd!.  per 
week,  or  an  annual  charge  of  3s.  %d.  per  year,  or  %d. 
per  week  per  head  of  the  population,  and  for  a  bare 
supply  of  13  gallons.  In  Croydon,  for  a  supply  of  only 
14  gallons  per  head,  the  cost  of  works  varied  from  l^d. 
to  2Jd.  per  house  per  week.  The  parliamentary  re- 
turns, showing  the  number  of  houses  supplied,  and 
cost  of  supply,  by  different  water  companies  of  London, 
in  1834,  give  the  following  results  : — 

*  In  Deeemter,  1874,  tie  quantity  sent  into  the  city  and  accounted 
for  is  stated  to  have  been  7,226,000  gallons,  and  the  waste  6,631,000 
gallons  daily !    District  waste  water  meters  are  here  essential. 
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Number 

DaUy  average 

Height  of 

Amount  of 

COMPANIES. 

of 

Supply  in 

Supply  over 

charge  per 

Houses. 

Gallons. 

Thames. 

Company. 

£  s.   d. 

New  -River    .     . 

73,212 

241 

145 

16    6 

Chelsea 

13,891 

168 

135 

1  13    3 

West  Middlesex 

16,000 

185 

155 

2  16  10 

Grand  Junction . 

11,140 

350 

152 

2    8    6 

East  London.     . 

46,421 

120 

107 

12    9 

South  London    . 

12,046 

100 

80 

0  15    0 

Lambeth    . 

16,682 

124 

185 

0  17    0 

Southwark    .     . 

7,100 

156 

60 

1     1     3 

Cost  of  house  apparatus  for  private  supply  from 
street  mains,  as  averaged  by  the  Boai'd  of  Health,  for 
first-rate  houses,  is  £3  13s.  2d!. ;  second-rate  houses, 
d62  18s.  Qd. ;  third-rate,  £2  3s.  3c?. ;  fourth-rate  and 
cottages,  17s.  5d. ;  average  cost  for  houses  and  cot- 
tages, £2  8s.  Id. 

The  actual  cost  of  private  works — ^to  take  water  from 
mains  for  the  supply  of  cottages — ^is  shown  in  the  fol- 
lowing table : — 


Work 
executed  in 

Name  of  Place. 

Hean  Expense 
of  Private 
Works  for 

each  Cottage. 

Annual  Value 
of  each 
Cottage. 

Jan.  1852 

Mar.  1852 

„     1852 

Aug.  1852 

Eughy,  mean  of  6  Cottages 
Croydon  .     .     10       „ 
Barnard  Castle  11       „ 
Tottenham    .       6       ,, 

£   s.    d. 

1  12  11 

2  0     0 

1 18  n 

2  11  lOJ 

£    s.    d. 
5  10     0 
4    0     0 
3     2     6 
10    0    0 

Mean  value 

s  for  each  Cottage     .     .     . 

2    0    9 

5  13    14 

The  water  rate  charged  by  the  Local  Board  at  Tot- 
tenham is  given  as  follows : — 


ORIFICES,    WEIBS,  PIPES,  AND  RIVERS 


3?9 


In  the  Special  District  Rate 

Assessment. 

Water  Bate 
per  week. 

Water  Rate 
per  annum. 

Above 

And  not 
exceeding 

On  Premises 

£,    S.    d. 

£    s.    d. 

£    s.    d. 

£    s.    d. 

assessed. 

10    0    0 

0    2    6 

10     0     0 

15    0    0 

0    3    9 

15     0    0 

20    0    0 

0    5    0 

20    0    0 

25     0    0 

0    6     3 

25    0    0 

30    0    0 

0    8    0 

30    0    0 

40    0    0 

0  11     0 

40    0    0 

50    0    0 

») 

0  14    0 

and  3s.  for  every  additional  rate  of  i610. 


PUBLIC   WOBKS    OF   WATER   SUPPLY, 
Yards.  Cost  of  Pipes. 

44  of  2-m.    iron  pipes,    including  valves, 
fire-plugs,  outlet  pipes,  and  all  ap 
purtenances,  at  Is.  7d. 
1,496  of  3-in.  ditto,  at  3s.  id. 
321  of  4-iQ.  ditto,  at  4s.  9d. 
625  of  5-in.  ditto,  at  6s. 
30  of  9-in.  ditto,  at  9s.  6d. 

2^6  £530  16     1 

Water  Supply  and  its  Cost  for  some  Cities  and  Towns,  from  a  Paper 
read  to  the  British  Association  at  Leeds,  in  1858,  by  Dr.  Stvang,  oj 
Vide  Builder, /or  1858,  p.  653. 


-Y, 

PRESTON. 

£ 

a. 

d. 

3 

9 

8 

249 

6 

8 

76 

4 

9 

187  10 

0 

14 

5 

0 

. 

^ 

^ 

M 

f>>    fd 

»^.       1 

TOWNS. 

Population 

within 

bounds  oJ 

Supply. 

I 

0002 
ft 

If 

Supplydai 

Gallons 

GaUoDS 

a 

G^allons 

Gallons 

London    .    . 

2,667,917 

81,025,842 

30-3 

7,102,823 

11-4 

Fans    . 

1,100,000 

26,350,000 

24- 

800,000 

33- 

20,000,000 

Hamburgh  . 

160,000 

6,000,000 

31-25 

170,000 

29-50 

.. 

New  York    . 

713,000 

28,000,000 

39-27 

1,800,000 

15-5     . 

.. 

Manchester . 

500,000 

11,000,000 

22- 

1,300,000 

8-5 

14,000,000 

Liverpool     . 

500,000 

11,000,000 

22- 

1,640,000 

.. 

Leeds  .    .    . 

163,000 

1,850,000 

12- 

283,871 

7" 

Edinburgh  . 

216,000 

4,800,000 

22-3 

466,000 

10-5 

2,000,000 

Aberdeen     . 

65,000 

1,200,000 

18-4 

50,000 

24- 

Dundee    .    . 

96,000 

1,760,000 

18-2 

139,000 

>. 

Greenock 

40,000 

2,112,500 

52-8 

90,000 

•  • 

Paisley     .    . 
Glasgow 

48,000 
420,000 

1,021,462 
16,710,000 

21- 
39-8 

661,199 

26- 

20,000,000 
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The  cost  of  pumping  varies  with  circumstances  J  we 
believe  that  pumping  engines  cannot  be  put  down  at 
less  than  from  MO  to  £100  per  horse  power,  dependent 
on  the  size  of  the  engine,  although  the  Board  of  Health 
adopted  a  standard  of  £50  per  horse  power.  For  the 
town  of  Drogheda  we  estimated  for  two  engines  at  £75 
per  horse  power.  The  following  information  respecting 
the  cost  of  the  Waterworks,  Cork,  was  kindly  furnished 
to  the  author  by  Sir  John  Benson,  the  engineer,  who 
designed  and  carried  out  the  works. 

COEK  WATER  "WORKS. 


Steam  engine  100- 
horse  power. 


Two  50-horse  power 
turbines. 


Reservoirs — 
One    of   3,500,000 

gallons. 
One  of  563,000  gal- 
lons. 
Cost  per  head. 

Valuation  standard 
per  pound  on  the 
valuation. 

Yearly  cost  per  five 
inhabitants. 

"Water  supplied. 


Direct  acting  Cornish  Engine  with 
three  cylindiioal  flue  hoUers,  in- 
cluding engine  and  boiler  house, 
setting  boilers,  chimneys,  &c.,  &c., 
per  horse  power      .        .         .     . 

Two  turbines  completed  with  four 
11  in.  ram  pumps  on  each,  includ- 
ing buildings,  cisterns,  sluices, 
gates,  screens,  per  horse  power    . 

One  reservoir  on  a  level  of  186  ft.  \ 
over  weir  f 

One  reservoir  on  a  level  of  360  ft.  1 
over  weir    .        .        .        .        ) 

The  inhabitants  in  1851,  86,000     . 

The  inhabitants  in  1861,  100,000  . 

City  valuation,  £112,000  .        .     . 


Distribution  per  house  of  every  five 
persons 

Quantity  supplied,  including  manu- 
factories, to  one  person  per  day   . 


£    s.     d. 


55    0    0 


44    0     0 


4,900    0 

0 

0  15 
0  13 
0  11 

3i 
0 

7 

0    5 

0 

30  gallons. 

The  total  estimated  cost  of  engines,  including  pumps, 
engine  houses,  weUs,  &c.,  for  raising  the  London  sew- 
age, is  £70  per  horse  power,  and  the  annual  cost  £20 
per  horse  power.* 

•  Main  Drainage  Report,  1867,  p.  29. 
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When  coals  are  10s.  per  ton,  the  cost  of  an  engine 
exceeding  100-horse  power,  single  acting  Cornish, 
working  night  and  day,  will  be  £10  per  horse  power ; 
when  coals  are  15s.  per  ton,  the  cost  would  be  d613  per 
horse  power ;  when  coals  are  20s.  per  ton,  the  cost 
would  be  £,1Q  per  horse  power ;  when  coals  are  25s. 
per  ton,  the  cost  would  be  £19  per  horse  power.  These 
estimates  have  been  given  by  Mr.  Hughes,  and  include 
every  expense  of  coals,  wages,  oil,  tallow,  materials  for 
packing,  cleaning,  &c.,  but  none  for  interest  of  capital 
or  depreciation  of  machinery.* 

At  Ely  the  cost  of  pumping  is  stated  by  a  writer  in 
the  Builder  to  be  as  follows : — 

To  pump  one  miUion  gallons  140  feet  Mgh,  the  old  engine  con- 
sumes : —  £   s.   d. 
Four  tons  of  coal,  at  16s.  per  ton  .        .         .        .340 

Oil,  tallow,  and  packing 0  12    0 

Wages 090 


Total  cost  of  pumping  one  million  gallons         ..460 
which  gives  Id.  per  1,000  gallons  pumped  140 
feet  high  (not  a  very  high  price). 
The  new  engine  requires : — 
rive  and  a  half  tons  of  coal  at  16s.        .        .        .480 

Oil  tallow,  and  packing 1  10    0 

12    0 


Total  cost  of  pumpiag  one  mUlion  gallons  140  feet 

high 700 

which  is  65  per  cent,  more  money  than  the  old 
engine  requires. 

While  another  writer  in  the  same  periodical  states,  that 
the  cost  of  pumping  1,000,000  gallons  with  the  old 
engine  was  £4  18s.  Q\d.,  and  with  the  new  engine, 

*  Main  Drainage  Eeport,  1857,  p.  447. 
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ESTIMATED  COST  OF  BNSINBS  FOE  PUMPING  AND  OTHEK  INFORMATION. 


Description  of  Works,  and  Engineers'  estimates, 
with  Bliort  description  of  engines. 


§1 
3*» 


n  O  H  . 


SS  bog 


Da^lish's  estimate  for  Liverpool  Works,  exclu. 
Bive  of  buildings— one  engine  and  pumps 

Ditto   Two  engines  and  pumps 

Ditto    For  one  engine  and  pump 

Homersfaam,  for  Watford  supply 

Porester&Co.'B  estimate  for  LiverpooL  engines, 
one  01  two,  exclasive  of  buildings 

Ditto       ditto       ditto        

Hurry  and  Bateman's  estimate,  WolTerhampton 
Water  Works 

Haxrey  and  West's  for  ditto,  exclusiTe  of  build- 
ings, 84  inch  cylinder  engine 

Ditto       ditto       64  inch  cylinder  engine    

Ditto       ditto       58  inch  cylinder  engine 

Messrs.  Hawthorne  for  ditto,  double  power  ex- 
pansive condensing  beam  engines,  exclusive  of 
engines 

Ditto 

Messrs.  Hawthome'shigh-pressure  double  acting 
horizontal  engines,  to  be  raised  in  6  hours  . . 

Ditto       to  be  i-aised  in  9  hours 

Ditto       to  be  raised  in  12  hours 

Mr.  Hocking's  estimate  for  Wolverb^pton, 
single  acting  Cornish 

Ditto       exclusive  of  buildings 

Ditto  to  be  raised  in  12  hours,  by  two  60  inch, 
two  45  inch,  and  one  36  inch  cylinder    

Ditto       excliisive  of  buildings 

Mr.  Quick's  estimate,  for  G-rand  Junction  W  orks, 
one  64,  or  two  45  inch  cylinders,  single  acting 
Cornish 

Ditto   for  Southwark  and  Tauxhall 

Ditto   for  West  Middlesex 

Sandys,  Yivian  &  Co.,two  engines  for Liverpocd, 
ezcluslTe  of  buildings 

Ditto    one  engine,  exclnsive  of  bnildings  

Seaward  &  CapeVs,  for  Wolverhampton,  exclu- 
sive of  buildings  

West's  estimate,  65  inch  cylinder,  exclusive  of 
buildings t 

Ditto    50  inch  cylinder,  including  buildings  , 

Ditto    exclusive  of  buildings 

Ditto    raised  in  6  hours,  by  a  35  inch  cylinder 


Ditto    exclusive  of  buildings 

Ditto   including  duplicate  engines 

Ditto    65  inch  cylinder  engine,  including  bulld- 


s(?). 


AMERICAN  ESTIMATEa  AND  WORKS 

Mr.  McAlpine's,  for  Brooklyn,  double  acting, 
expansive,  high-pressure,  condensing  engine, 
72  inch  cylinder  engine,  to  be  raised  in  12  hours, 
exclusive  of  buildings  

Ditto  non-condensing  30  inch  cylinder  engine, 
raised  in  24  hours,  exclusive  of  buildings 

Ditto    in  12  hours,  exclusive  of  buildings  

Ditto    exclusive  of  buildings 

Ditto       ditto      

Ditto  Albany  Water  Works ,  56  inch  condensing 
beam  engine,  and  one  duplicate  not  condens- 
ing, working  for  day  only  

Ditto  Chicago  Works,  as  in  last,  including 
buildings,  46  inch  cylinder  condensing  engine 
and  duplicate,  ns  in  last  !. 

Ditto    48  inch  cylinder,  &c 


600 
600 


600 

75 

I  4711 

/1188f 


270 
210 


471 
244) 


760 
760 


1500 
1500 


230 
320 
230 


471 
244^ 


132 

132 
849 


1950 

1035 

3800 

7600 

11,400 

(476] 


3400 
35,3S7 

9700 

3200 

3S,40O 

11,000 
7000 
C50O 


1170 
780 
570 

20.800 
13,200 

32,600 
21,800 


7000 

7000 

10,000 


22,000 
to 

25,000 
6000 
7100 
5000 


126'2li 
15-78 
292-92 


16-78 
34911 


9911 
Sl-45 

27-78 
22-73 
13-89 


157-f 
157-i 


315'! 
315'f 


48-40 
67-34 
48-40 

126-26 
16-78 


99-11 
61-45 
61-45 

27-78 
27-78 
158-66 


67-1 
78-0 
215-4 
120-7 

76-8 


113-9 
123-2 
147-1 


61-1 
48-9 

42-1 
34-3 
41-0 


103-3 
69-0 


.63-4 
114-1 
123-2 
139-9 

60-5 
138-0 

97-2 

165-5 
111-6 


18,000 

3000 
39,000 
;63,000 
86,000 

13,320 


11,268 
11,642 


199-92 
799-66 
1599-23 


136-10 
146-46 


15-0 
48-7 
33-1 
36-4 


833 
79-5 
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£4  10s.  Id.  In  tlie  preceding  table,  arranged  from  in- 
formation in  Mr.  Hughes'  book,*  the  estimated  cost 
of  pumping  engines  for  various  works,  English  and 
American,  is  given. 

In  Example  28,  pages  25  to  27,  we  have  pointed 
out  the  method  of  calculating  the  increase  of  horse 
power  required  in  raising  water  through  pipes  from 
friction,  and  also  the  great  increase  of  this  extra  head 
if  the  velocity  increases  ;  the  increase  being  nearly  as 
the  square  of  the  velocity.  In  addition  to  this,  an 
allowance  of  horse  power  must  be  made  for  bends, 
curves,  junctions,  and  other  obstructions,  for  the 
effects  of  which  see  Section  XI.  The  more  slowly 
the  water  is  pumped,  the  less  will  the  loss  be  from 
these  causes  through  the  same  pipe.  It  is  therefore, 
so  far,  advisable  to  give  as  large  a  diameter  to  the 
pipes  supplying  a  reservoir  from  a  pumping  engine  as 
other  aspects  of  the  question,  cost,  and  engine  power, 
will  admit. 

A  report  by  the  Water  Committee  of  Plymouth, 
printed  in  a  local  newspaper  of  13th  October,  1864, 
contains  much  useful  information  respecting  the  water 
supply  of  the  following  places  at  that  time : — 

Bristol  (population  140,000). — This  city  is  supplied 
by  a  company  drawing  its  water  from  the  Mendip -hills; 
the  pipes  being  too  small  and  quantity  deficient,  it  is 
not  continuous,  nor  is  the  quality  good.  The  scale  of 
rates  ranges  from  5  per  cent,  on  low  rentals  to  3  per 
cent,  on  rentals  of  £100,  and  2J  per  cent,  on  rentals 
of  £200  and  upwards.     For  trade  purposes  the  water 

*  Wealb,  London. 
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rate  is  6cZ.  per  1,000  gallons  the  minimum,  to  Is.  &d. 
per  1,000  gallons  tlie  maximum.  Water  closets, 
stables,  baths,  &c.,  charged  extra  to  domestic  supply 
and  reduced  rates — no  overflow  or  waste  pipe  per- 
mitted to  communicate  with  any  cistern  or  bath  unless 
supplied  by  meter.  No  cistern  for  closet  containing 
more  than  two  gallons  allowed  without  extra  payment. 
The  company  undertakes  plumbers'  work  on  moderate 
terms, 

Gloucestee  (population  30,000). — The  Local  Board 
of  Health  hold  the  water  works  in  trust  for  this  city. 
For  domestic  purposes  the  rates  are  moderate,  houses 
under  £10  paying  8s.  %d.  per  annum;  from  £10  to 
£60,  5  per  cent, ;  £60  to  £70,  SJ  per  cent. ;  £70  to 
£80,  3 J  per  cent.;  above  £80,  3|  per  cent.  Meter 
rates  were  only  determined  on  ia  December,  1862 ; 
range  from  Qd.  per  1,000  gallons  on  the  million  and 
upwards,  to  Is.  per  thousand  gallons  under  100,000 
gallons.  Service  box  cisterns  are  not  enforced, 
although  generally  adopted  by  the  better  class  of 
consmners. 

Debby  (population  45,000). — ^A  private  company 
supplies  this  city.  The  supply  is  constant  at  high 
pressure,  and  is  of  good  quality.  AH  house  apparatus 
and  fittings  are  in  accordance  with  the  regulations  of 
the  company,  and  subject  to  the  inspection  of.their 
officers.  Service  box  cisterns  to  closets  are  strictly 
enforced.  No  overflow  or  waste  pipes  are  permitted 
to  cisterns  without  meters,  and  rain  water  carefully 
excluded  therefrom.  The  scale  of  rates  for  domestic 
use  and  by  meter  is  moderate.  The  Local  Board  of 
Health  contracts  for  the  supply  of  baths  and  wash- 
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houses,  at  the  rate  of  M.  per  1,000  gallons.  "Water 
for  streets,  when  not  drawn  from  the  river,  is  charged 
at  the  lowest  meter  rate.  The  consumption  is  rather 
ahove  19  gallons  per  head  per  day,  including  numerous 
wells  and  large  manufactories. 

Nottingham  (district  population,  76,000).  —  We 
cannot  say  too  much  in  commendation  of  the  superior 
arrangement  and  management  of  the  water  works  of 
this  town,  for  whilst  the  greatest  economy  is  used,  an 
abundant  amount  of  contentment  is  manifested  hy  the 
consumers :  the  consumption  averaging  17  gaUs.  per 
head  per  day.  A  constant  high  pressure  supply  has 
been  maintained  hy  the  company  for  the  last  20  years. 
Overflow  or  waste  pipes  to  cisterns  are  prohibited,  but 
warning  pipes  in  exceptional  cases  fitted  with  the 
approval  of  inspectors.  AU  water  closet  cisterns  are 
fitted  with  service  boxes,  and  in  no  case  is  I'ain  water 
allowed  to  flow  into  any  such  cisterns.  No  supply  is 
allowed  to  be  laid  on  or  apparatus  fixed  by  any  other 
than  an  authorised  plumber  or  the  workmen  of  the 
company.  The  rates  vary  according  to  the  level  sup- 
plied :  consumers  by  meter  pay — 

Price  per  1,000  gallons. 
Lower.        Middle.    Higher. 
d.  d.  d. 


Not  exceeding      50,000  gaUs. 

6 

9 

12 

400,000  galls. 

4i 

6| 

9 

Exceeding       1,600,000  galls. 

3 

4* 

6 

Tanks  with  meters  af&xed  are  placed  in  suitable  parts 
of  the  town  for  supplying  carts  for  street  watering,  a 
cart  being  filled  in  three  minutes,  the  Local  Board 
paying  the  lowest  meter  rate.      The  company  have 
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adopted  call-books  for  complaints,  repairs,  &c., 
plumber's  book  for  instruction,  and  issue  cards  for 
securing  attention  to  the  work  required  to  be  done. 

Norwich  (population  75,000).— The  water  works  of 
this  city  furnish  another  example  of  good  management. 
The  average  consiunption  for  private  and  public  pur- 
poses is  14J  gallons  only.  A  beneficial  change  is  due 
entirely  to  the  zealous  care  in  distribution,  seconded 
in  a  praiseworthy  manner  by  a  discriminating  public. 
The  company  does  a  large  portion  of  the  plumbing  and 
water  fittings,  the  best  feeling  exists  between  the 
various  tradesmen  and  the  officers  of  the  company. 
The  service  box  cisterns  here  provided  for  closets  are 
very  simple,  effective,  and  not  liable  to  get  out  of 
order ;  iron  rods  take  the  place  of  wire.  The  cost  is 
also  so  small  as  to  be  within  reach  of  the  poorer 
classes.  Patterns  of  those  and  cast-iron  street  or 
courtyard  stand  pipes  will  be  submitted  to  the  inspec- 
tion of  the  Plymouth  Water  Committee.  The  same 
regulations  are  in  force  here  as  at  Nottingham  as  to 
domestic  supply,  &c.  The  rates  are  moderate,  com- 
mencing at  4s.  Ad.  per  annum  for  tenements  under  £5 
per  annum ;  above  ^5  and  under  £100,  5  per  cent. ; 
above  £100,  4|-  per  cent.  This  is  exclusive  of  water 
closets,  which,  with  stables,  gardens,  &c.,  are  charged 
extra.  Meter  rate — Not  exceeding  200,000  gallons 
per  annum,  Is.  per  1,000  gallons ;  not  exceeding 
1,000,000  gallons  per  annum,  lOd.  per  1,000  gallons  ; 
exceeding  1,000,000  gallons  per  annum,  %d.  per  1,000 
gallons ;  Local  Board  for  street  watering,  if  amounting 
to  7,000,000  gallons  per  annum.  Id.  per  1,000  gallons. 
It  might  be  noticed  that  the  Town  Council  of  this  city 
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guaranteed  the  Water  Company  5  per  cent,  on  their 
outlay,  after  which  the  Council  was  to  receive  a  moiety 
of  the  profits.  The  civic  authorities  of  Edinburgh  have 
adopted  the  arrangements  carried  out  in  this  city,  and 
we  heartily  recommend  their  application  where,  neces- 
sary, for  Plymouth. 

Leicestee  (population  69,000).  —  The  supply  of 
water  to  this  town  is  in  the  hands  of  a  private  com- 
pany, who  have  expended  the  sum  of  =690,000.  The 
Local  Board  of  Health  holds  680  shares,  and  is 
entitled  to  hklf  the  profits  after  a  dividend  of  5  per 
cent,  shall  have  been  paid  to  the  shareholders.  The 
water  is  at  high  pressure  and  continuous.  Storing 
cisterns  for  house  purposes  are  not  much  used,  but  if 
adopted  must  be  without, waste  pipes,  or  inlet  of  rain 
water.  Water  closets  in  all  cases  are  fitted  with 
flushing  service  boxes,  or  m&st  be  self-acting  apparatus. 
The  scale  of  rates  ranges  from  6  per  cent,  on  low 
rentals  to  3J  per  cent,  up  to  dElOO,  and  3  per  cent, 
above  £200.  Water  rates  range  from  5d.  per  1,000 
gallons  the  minimum  to  lOd.  per  1,000  the  maximum. 
The  Local  Board  of  Health  is  charged  2Jd.  per  1,000 
for  street  watering,  having  meters  attached  to  the 
mains.  The  company's  regulations  to  prevent  waste 
of  water  are  strictly  enforced. 

Great  Yabmouth  (population  30,000). — This  town 
has  the  benefit  of  a  well-governed  water  company. 
There  is  a  constant  supply  at  high  pressure.  The 
scale  of  rates  is  6  per  cent,  on  the  rental  up  to  £100 
per  annum,  with  5  per  cent,  on  the  excess  in  addition 
— ^this  including  one  water  closet  only — 5s.  per  annum 
is  charged  for  all  others  in  addition,  and  10s.  for  baths. 
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The  meter  rate  is  also  high,  ranging  from  2s.  per 
1,000  gallons  to  Is.  M.  The  Local  Board  has  an 
especial  rate  for  watering  the  streets.  Water-closets 
are  in  all  cases  fitted  with  double-valve  service  boxes  ; 
but  few  cisterns  for  domestic  supply  are  in  use  (not 
being  needed),  but  in  these  overflow  and  waste  pipes 
are  prohibited.  The  manager  of  the  company  will, 
however,  permit  detective  or  warning  pipes  where  neces- 
sary. The  company  is  willing  to  execute  aU  plumbers' 
work  if  requu-ed,  but  all  such  work  must  be  done  under 
inspection.  We  have  during  our  tour  of  inspection 
kept  in  view  the  object  for  which  it  was  proposed, 
namely,  that  of  ascertaining  the  means  by  which  a 
constant  supply  of  water  may  be  secured  to  the 
inhabitants  of  this  borough,  and  to  suggest  the  prac- 
tical application  of  such  means.  The  attainment  of 
so  desirable  an  object  can  be  secured  very  speedily  by 
the  submission  of  water  consumers  to  the  absolute 
control  of  appointed  officers  over  all  fittings,  and  the 
adjustment  of  apparatus  of  every  kind.  Having  wit- 
nessed the  beneficial  effect  of  such  wholesome  regula- 
tions as  have  been  referred  to  in  the  preceding  remarks, 
we  cannot  but  anticipate  similar  advantages  .by  their 
adoption. 

In  Plymouth. — We  desire  therefore  to  recommend 
the  general  application  of  the  rules  and  regulations  as 
adopted  in  Nottingham  and  Norwich,  which  embody 
among  them  the  following  provisions — 1st,  that  all 
applications  for  the  supply  of  water,  notice  of  insuffi- 
cient supply,  and  other  complaints,  be  recorded  in  a 
call  book;  that  visiting  cards  be  issued  authorising 
the  attendance  of  the  workmen  necessary,  and  a  com- 
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plete  registry  being  kept  of  all  such  work  performed  ; 
2ncl,  that  wherever  practicable,  cheap  water  closets 
be  recommended  in  lieu  of  open  privies ;  3rd,  that 
all  water  closets  be  fitted  with  full  and  complete  appa- 
ratus for  flushing  by  means  of  service  cisterns,  or  such 
other  description  of  closets  as  shall  be  approved, 
and  that  valves  be  worked  by  rods  instead  of  wires  or 
chains ;  4th,  that  cisterns  be  without  overflow  or 
waste  pipes,  but,  with  the  approval  of  officers,  detective 
or  warning  pipes  be  substituted;  5th,  that  high 
pressure  taps  be  introduced  with  new  fittings,  and  aU 
drawing  and  ball  taps  to  be  of  the  approved  kinds : 
in  open  court  yards  and  exposed  places,  taps  to  be 
protected  with  iron  casing,  and  be  made  to  open  with 
keys  supplied  to  the  ratepayers  only ;  6th,  that  wire 
gauze  screens,  in  the  absence  of  filtration,  be  placed 
where  desired  by  your  surveyor.  We  also  further 
recommend  that  as  soon  as  practicable  the  condition 
of  all  the  fittings  and  premises  at  present  supplied  with 
water  be  duly  registered,  with  a  view  to  an  early  repair 
and  correction  where  necessary.  It  is  not  necessary, 
in  adopting  the  preceding  recommendations,  that  the 
supply  of  water  shall  in  any  degree  be  stinted,  but 
the  exercise  of  a  moderate  amount  of  economy  would 
enable  a  constant  supply  to  be  given,  and  would  doubt- 
less tend  to  the  development  of  many  branches  of 
manufacture  in  the  town  in  which  water  forms  an 
essential.  The  domiciUary  visits  for  the  inspection  of 
premises  would  be  in  no  way  offensive,  but  would  be  of 
the  same  nature  as  those  now  made  for  inspection 
of  gas  apparatus,  and  we  have  the  evidence  of  numerous 
householders  in  towns  we  have  visited  that  the  greatest 
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respect  and  civiUty  are  manifested.  It  is  not  our  aim 
or  desire  to  abolish  cisterns  now  in  use,  hut  the 
CONSTANT  SUPPLY  SYSTEM  Will  render  so  large  an  expen- 
diture unnecessary  in  future,  cisterns  for  flushing  closets 
being  then  only  necessary. 


THICKNESS    OF   PIPES   FOE   WATER   WOEKS. 

It  is  evident  that  the  thickness  of  a  pipe  should  be 
at  least  sufi&cient  to  bear  the  pressure  of  the  atmos- 
phere, and  therefore  the  whole  pressure  in  a  pipe  is 
best  expressed  by  a  determinate  number  of  pressures, 
each  equal  to  that  of  a  column  of  water  33  feet  high. 
If  n  be  the  number  of  such  pressures,  or  the  number 
of  units  each  eqtial  to  33  feet  high,  d  the  diameter  of  the 
pipe  in  inches,  and  t  the  thickness,  also  in  inches,  we 
shall  have  for 

1.  Iron  pipes,  plate  . 

2.  Iron  pipes  cast  horizontally 

3.  Iron  pipes  cast  vertically 
(A.)  i  4.  Copper  pipes,  plate  . 

5.  Lead  pipes    .... 

6.  Zinc  pipes        .... 

7.  Artificial  stone 


t  = 

•0009  nd  + 

■13 

t  = 

•0024  nd  + 

•33 

t  = 

•0016  nd  + 

•32 

t  = 

•0015  nd  ■\- 

•16 

t  = 

•0024  nd  + 

•19 

t  = 

•0051  nd  + 

•16 

t  = 

•0054  nd  ■\- 

1^60 

For  cast-iron  pipes  the  engineer  of  the  Paris  water 
works,  M.  Dupuis,  adopted  in  his  practice  a  formula 
which  is  equivalent  to 
(B.)  *  =  -0016  nd  +  -32  +  -013  d 

in  the  foregoing  measures.     This  formula  may  also  be 
expressed  as  foUows : — 
(C.)  *  =  (-0016  n  +  -013)  d  +  -32. 

If  d  be  12  inches,  and  n  =  9,  corresponding  to  a 
pressure  of  297  feet,  we  shaU  find  from  the  last  equa- 
tion, t  =  (-0144  +  -013)  X  12  -f  -32  =  -3336  -|-  -32 

B  B  2 
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=  '6536  inch.  All  pipes  should  however  be  proved 
with  ten  atmospheres,  or  330  feet,  and  in  practically 
applying  the  ahove  formulse  in  equation  (A),  for  finding 
the  thickness  of  pipes,  the  value  of  n  should  always 
have  10  added  to  it.  Hence,  applying  formula  (A), 
No.  8,  to  our  example,  we  get  t  =  '0016  X  19  x  12 
+  '32  =  "6848  inch,  which  is  the  same  practically  as 
found  from  equation  (C). 

SEWEEAGE    COST. 

As  for  water-works,  the  minimum  rain-fall  of  a 
district  should  be  calculated  upon ;  so  the  maximum 
fall  must  be  considered  for  sewerage  and  drainage 
works.  We  have  already  shown,  page  340,  that  for  a 
population  of  80  persons  per  statute  acre,  and  a  dis- 
charge of  two-fifths  of  an  inch  in  eight  hours,  sewers 
should  be  calculated  to  discharge  about  3J  cubic  feet 
per  minute,  the  rain  supply  being  about  seven  times 
the  house  supply,  or  sewage,  including  house  water 
supply.  Instances  are  quoted  in  which  the  discharge, 
after  a  heavy  rain-faU,  amounted  to  20J  cubic  feet  per 
minute  per  acre,  as  in  the  Savoy-street  sewer,  which 
of  course  was  principally  surface  water,  as  the  sewage 
of  80  persons  at  7  cubic  feet  per  person,  one-half  of 
which,  if  discharged  in  eight  hours,  would  only  be 

f^        2  =  ^^  cubic  feet  per  hour,  or  g^  =   '59  feet 

nearly  per  minute,  which  is  only  about  the  thirty-third 
part  of  20^  feet.  In  other  words,  the  storm  waters 
were  thirty-three  times  the  amount  of  house  sewage. 
It  would  be  waste  to  provide  drainage  for  so  much 
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surface  water  considered  in  itself,  where  it  can  be 
passed  off  from  the  surface  channels.  But  sewage  is 
not  water,  and  it  is  essential,  in  the  greater  number  of 
cases,  that  sewers  should  be  flushed  occasionally.  It 
IS  absurd  to  calculate  the  size  of  sewers,  as  if  the 
sewage  matter  were  thoroughly  diluted  or  passed  off 
lite  water.  In  fact,  the  sewage  ia  part  hes  at  the 
bottom  of  the  sewer,  or  is  deposited  there  in  nine 
cases  out  of  ten,  while  the  house  supply  of  water 
passes  on  and  escapes  over  it,  removing  only  diluted 
and  detached  portions.  It  is,  therefore,  of  import- 
ance, where  artificial  flushing  and  cleansing  out  are 
not  provided,  that  storm  waters  should  occasionally 
pass  through  and  flush  a  system  of  sewers,  particularly 
the  main  br  arterial  lines.  An  engineer  must  be 
guided,  in  calculating  the  dimensions,  &c.,  of  main 
sewers,  by  the  circumstances  of  each  case.  The  incli- 
nations to  be  obtained,  the  form  of  the  bottom  or 
invert,  the  rain-faU,  the  amount  of  sewage  which  will 
not  affect  the  size  to  any  considerable  extent,  the 
material  and  the  cost  consistent  with  permanency. 

The  discharging  power  of  a  water  channel  is  more 
than  doubled  by  increasing  its  dimensions  by  one- 
third  ;  and  it  is  increased  in  the  proportion  of  5*7  to 
1  by  doubling  the  dimensions.  By  giving  four  times 
the  fall,  the  same  channel  will  only  double  the  dis- 
charge. Now  a  pipe  2  feet  in  diameter  with  a  fall  of  1 
in  200,  would  discharge  fully  1000  cubic  feet  of  water 
flowing  fuU  with  a  velocity  of  5"4  feet  per  second :  at 
3 1  cubic  feet  per  minute  per  acre,  for  a  population  of 
80  to  the  acre,  the  thoroughly  diluted  sewage  of  280 
acres  would  be  passed  off  by  one  such  pipe ;  that  is. 
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the  sewage  from  20,400  persons,  on  280  acres,  and 
also  two-fifths  of  an  inch  of  rain  falling  for  eight 
hours,  can  be  conveyed  off  by  a  2  feet  pipe,  with  a  fall 
of  1  in  200.  But  as  this  rain  supply  is  about  seven 
times  the  house  supply,  passing  2J  feet  per  person  off 
in  eight  hours,  made  up  of  faeces  and  used-up  water 
supply,  it  is  apparent  that  such  a  pipe  would  convey 
about  eight  times  the  sewage  alone  of  the  district,  if 
flowing  as  water ;  and,  under  any  circumstances, 
would  be  abundantly  large  for  the  duty,  even  when 
assuming  the  whole  quantity  to  pass  in  at  the  upper 
end.  For  a  fall  of  1  in  800,  two  such  pipes  would  be 
required,  or  one  pipe  32  inches  in  diameter  ;  for  a  fall 
of  1  in  3,200,  four  2  feet  pipes  would  be  required,  or 
one  pipe  3  feet  6  inches. 

House  drains  should  not  be  less  than  6  inches  in 
diameter,  and  should  have  facilities  for  being  cleaned, 
either  by  using  half-flange  joints,  or  by  having  a 
moveable  upper  segment.  The  inclination  for  these 
drains  should  be  uniform,  but  the  amount  is  not  so 
important  as  some  appear  to  think,  if  proper  provision 
be  made  for  cleaning.  Where  flushing  is  used,  cast- 
iron  pipes  are  the  best,  but  they  are  also  the  most 
expensive.  House  drains  of  brick  with  a  V  tile 
bottom  covered  with  flags  or  bricks  are  perhaps  the 
best,  as  the  capacity  can  be  Considerably  augmented 
by  adding  to  the  height  of  the  sides,  and  they  can  be 
at  all  times  easily  opened  and  cleaned.  If  inclinations 
from  1  in  50  to  1  in  20  can  be  had,  so  much  the 
better.  The  following  items  as  to  cost  have  been 
selected  from  the  "  Builder  "  : — ' 
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COST  OF  SBWBES,   NEWPORT,    MONMOTJTHSHIKB. 

Total 
lengths. 

Average 
depths. 

Sizes  of  sewers. 

Thicknesses. 

Cost  per 
foot  lineaL 

feet. 

ft.     in. 

ft.  in.      ft.  in.  • 

in. 

s.     d. 

1,322 

15       6 

4    6  ty  3     6 

9 

11     8 

2,217 

13       0 

4    6  by  3    0 

9 

10    li 

6,110 

12       0 

3    0  by  2    2 

9 

7    74 

12,354 

11       8 

3     0  by  2  .  2 

6 

5    3? 

1,953 

9       3 

2    6  by  1  10 

6 

4    7 

9,663 

10       0 

2    6  by  1  10 

4^ 

3    8i 

690 

10       2 

2    3  by  1     9 

4^ 

3    5i 

3,264 

8       6 

1    2  diiameter 

ih 

2    4| 

COST    OF    SEWEES    AND    PIPES    IN  PRESTON. 

The  following  extract  from  a  published  summary 
of  public  works  executed  during  the  year  ending 
April  30th,  1859,  contains  some  useful  informa- 
tion : — 

Yards. 

60  of  Brick  Sewers,  2  ft.  6in.  diameter  at  Ts. 
538  3ft.  by  2ft.,  at  17s.  6d.  . 
294  3ft.  6in.  by  2ft.  4in.,  at  28s.      . 
372  3ft.  9in.  by  2ft.  6in.,  at  28s.  . 
250  4ft.  3in.  by  2ft.  lOin.,  at  41s.  9d. 

56  4ft.  6in.  by  3ft.,  at  75s.  7d.   . 

66  4ft.  6in.  diameter,  at  40s.  9d.    . 


1,636 

42  of  Oast-iron  Sewer,  2ft.  diameter,  at  36s. 
22  of  Earthenware  Pipe  Sewer,  6in.  diame- 
ter, at '4s. 
1,129  9in.  diameter,  at  7s.  5d.    . 
565  12in.  diameter,  at  8s.  9d. 
88  15in.  diameter,  at  lis.  3d. 
98  18ia.  diameter,  at  13s.  . 
145  21in.  diameter,  at  18s.  6d. 

2,089 

Total,  including  superintendence,  also  man-holes,  street 
gullies,  and  all  appurtenances      .... 


£    s. 
21     0 

d. 
0 

&    s. 

d. 

.  470  15 

0 

.  412  12 

0 

.  520  16 

0 

.  521  17 

6 

.  211  12 

8 

.  134    9 

6 
—2,293     2 

8 

75  12 

0 

- 

.       4    8 

0 

.  418  13 

5 

.  247    3 

9 

.     49  10 

0 

.     63  14 

0 

.  134    2 

6 

917  11 

g 

£3,286     6     4 
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TABLE  showing  the  prices  of  Tubular  Dradns  as  made  by  the  Board  of 
Health  m  1852,  fifty  per  cent,  being  added  for  profit,  <fec.  ;  and  the 
sale  prices  in  the  market. 


.g 

■^  2 

.ii 

Lengths. 

Bed 
earthen- 
ware pipes 
made  by 
the  Board. 

Bed  pipes 
at  Sale 
prices. 

Stoneware 
glazed  at 

Sale 
prices. 

Assumed  gain. 

On 

red  ware 
■pipes. 

Over 

glazed 

stoneware 

pipes. 

5 
6 
9 

For  1,000  feet 
For  1,000  feet 
For  1,000  feet 

£    s.    d. 
6  15     0 
9  14     0 

15     1     6 

£  s.    d. 
20  16    8 
25    0    0 
37  10    0 

£    S.    d. 
25     0     0 
29     Z    4 
50    0    0 

£    s.   id. 

14  1    8 

15  6    0 
22    8    6 

£    S.    d. 

18  5    0 

19  9    4 
34  18    6 

■ 

Did  the  Board  of  Health  here  add  the  cost  of  their  own  establish- 
ment and  staflf  to  the  cost  of  production  ?  The  manufacturer  arid 
salesman  must  surely  Uve,  at  least  the  Author  thinks  so. 

The  folio-wing  estimates  were  made  for  laying  pipes 
at  Tottenham,  not  including  their  cost : — 


Diameter 

of  pipe 

in  inches. 

Depth 
6  feet. 

Depth 
8  feet. 

Depth 
10  feet 

6 

84a!. 

\\d. 

lU. 

9 

9P. 

14id. 

15J(«. 

12 

114^. 

\^d. 

l^\d. 

The  cost  of  laying  alone  at  St.  Thomas's,  Exeter, 
was — 


6  inch  pipes 

U. 

per 

foot  lineal 

3  to  4  feet  deep. 

9        „ 

5d. 

j» 

3  to  4  feet  deep. 

12        „ 

U. 

)j 

5  feet  deep. 

15        „ 

Sd. 

)) 

5  feet  deep. 

18        „ 

nd. 

j» 

5  feet  deep. 

'2d.  per  foot  lineal  for  relaying  pitching  ;  id.  for  macadamised 
roads ;  and  6d.  for  pavements. 
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ESTIMATE  FOB  SEWERS  AT  BRIGHTON. 


Price 

Description  of  Sewers, 

Length  in  yards. 

per 
yard. 

Amount. 

Brick  Sewers : — 

Diameter. 

£   s. 

£        s. 

6ft 

4,850 

3  10 

16,975    0 

4ft.  6m. 

350 

2  10 

875    0 

4  ft.  6  in.  by  3  ft.      .     . 

4,000 

2     8 

9,600    0 

3  ft.  9  in.  by  2  ft.  6  in.  . 

1,890 

2     2 

3,969    0 

3  ft.  by  2  ft.      . 

2,820 

1  16 

5,076    0 

2ft.  3in.  bylft.  6in.   . 

8,580 

0  18 

7,722    0 

Total  trick  sewers       .     . 
Earfhemware  Pipe  Sewers  : 

22,490 

s.     d. 

15  inches  rlianieter 

9,466 

13     6 

6,389  11 

12 

44,430 

10     0 

22,215    0 

Total    earthenware    pipe 

sewers  .... 

53,896 

Cast-iron  Pipe  Sewers  .- — 

£    s. 

3  in.  diameter  .         .     . 

750 

7    0 

5,250    0 

1ft.  6in.  „ 

1,260 

3     0 

3,780    0 

Total  cast-iron  pipe  sewers 
Total  length  of  sewers 

■  2,010 

78,396 

Or  44  miles  956  yards 

Man  holes  and  ventilating 

Number 

shafts        .        .        .     . 

600 

20    0 

12,000    0 

Lamp-holes      . 

600 

4    0 

2,400    0 

Gullies        .... 

3,000 

3  10 

10,500    0 

Outlet   works,   overflows, 

and  extra  work  on  steep 

gradients,  &c. 

5,000    0 

Contingencies,    including 

repairs,  &c.,  of  existing 

sewers,  10  per  cent. 

Total        .        .     . 

11,178    9 

£122,930    0 

The  author  has  constructed  a  large  quantity  of  main 
sewers,  from  18  inches  to  2  feet  and  2  feet  6  inches 
wide,  and  4  feet  6  inches  high;  the  side  walls  built 
with  rubble  masoiiry,  9-inch  segment  inverts  laid  with 
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4^  -inch  courses  in  cement ;  the  top  sometimes  flagged, 
when  flags  of  sufficient  length  could  be  procured,  and 
sometimes  arched  with  rough  rubble  arches.  The 
invert  was  laid  on,  well  bedded,  well  rammed,  rubble 
to  prevent  subsidence,  and  preserve  the  bottom  incli- 
nation uniform.  The  cost,  at  an  average  depth  of 
about  9  feet,  was  9s.  per  running  foot,  the  side  walls 
being  about  18  inches  thick.  Upright  side  walls, 
where  rubble  is  cheap,  have  many  advantages  ia  giving 
a  considerable  increase  of  capacity  for  a  small  outlay. 
The  tenement  and  house  drains  were  of  earthenware 
pipes.  Cast-iron  gully  grates  and  traps,  weighing  3 
cwt.,  cost  30s.  each ;  the  grate  fastened  by  a  wrought- 
iron  chain. 

The  following  regulations  were  laid  down  for  Cam- 
bridge and  Carlisle  : — 

STIPULATIONS  FOR  CAMBEIDGE  DRAINAGE. 

"  Water  from  the  rear  of  premises  should  not  be  conveyed  to  the 
front  under  the  basement  floor. 

"  Rain-water  from  the  roofs  should  not  be  conveyed  into  the  base- 
ment, but  conducted  into  the  sewer  by  shallow  drains. 

"  Cast-iron  pipes  may  be  used  for  basement  drains  in  some  in- 
stances. 

"The  scullery  sink  should  be  kept  as  high  as  possible,  and 
approached  by  a  step.  A  flat  trap  should  be  fixed  between  the  sink 
and  sewer. 

"  There  should  be  no  water-closet  on  the  basement  floor  ;  if  it  can- 
not be  arranged  elsewhere,  the  soil-pipe  should  have  a  flap  trap,  or 
similar  contrivance,  to  prevent  the  influx  of  sewage  water." 

FOR  CARLISLE  DRAINAGE. 

"Stipulation  1. — If  water-closets  are  to  be  generally  used,  the 
description  of  such  to  be  sanctioned  by  the  Board,  the  same  to  be  fixed 
to  the  satisfaction  of  the  Surveyor. 
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"  2. — ^All  down-spouts  to  be  connected  with  the  sewers  where  it  may- 
be proper  to  connect  the  same  ;  in  all  cases  where  they  are  not  con- 
nected with  the  sewer  they  are  to  be  connected  with  the  channel. 

"  3. — ^All  stench  traps  to  be  similar  to  samples  furnished  by  the 
Surveyor,  or  others  approved  by  him,  and  properly  fixed  to  his  satis- 
faction. 

"4. — All  sewers  to  water-closets  not  to  be  less  than  six  inches 
diameter. 

"5. — AU  sewers  to  yards,  stables,  kitchens,  and  sculleries,  not  to 
be  less  than  four  inches  diameter. 

"  6. — In  every  case  the  whole  of  the  fall  to  be  made  available  from 
the  junction  with  the  main  sewer  to  the  end  of  the  private  drain,  that 
is  to  say,  only  one  inclination  to  be  used  froiji  the  junction  with  the 
public  sewer  to  the  end  of  the  private  drain  ;  and  all  branches  from 
the  private  drain  to  sinks,  water-closets,  &c.,  to  have  one  inclination 
from  the  junction  of  such  drain.  None  of  the  above  instructions  to 
be  departed  from  without  the  express  sanction  of  the  Surveyor. 

"  7. — In  no  case  must  a  private  drain  be  put  in  with  a  less  fall  than 
one  in  fifty,  without  the  sanction  of  the  Surveyor. 

"8 — No  pipes,  water-closets,  stench  traps,  gullies,  kitchen  sinks, 
bends,  junction  or  tapering  pipes,  to  be  used  without  being  approved 
by  the  Surveyor. 

"  9. — All  ash  pits  and  dung  dep8ts  to  be  raised  to  the  level  of  the 
adjoining  ground,  to  be  properly  paved  and  drained  as  the  Surveyor 
may  direct. 

"  10. — AU  buildings,  outhouses,  &c.,  to  be  properly  spouted,  and 
the  water  conveyed  into  the  sewers  where  approved  of  by  the  Sur- 
veyor. " 

THOEOUGH  LAND  DRAINAGE. 

The  following  instructions  and  general  specifications, 
have  heen  prepared  by  the  Commissioners  of  Public 
Works  in  Ireland,  for  the  use  of  the  district  inspectors, 
and  persons  reporting  on  thorough-drainage.  The 
drains  are  made  in  general  parallel,  and  to  suit  the 
fall  of  the  ground.  The  depths  must  alter  in  order 
that  the  bottoms  should  have  an  uninterrupted  faU,  and 
may  vary  from  2  feet  to  4  feet  6  inches  in  practice, 
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averaging,  say  about  3  feet  6  inches,  but  dependent 
on  circumstances.  The  portions  printed  in  italics 
are  from  specifications  prepared  by  ofiicers  of  the 
Board,  and  are  varied  according  to  each  particular 
case : — 

GENBEAL  OBSEKVATIONS. 

"  No  drainage  works  should  be  undertaken  until  it  lias  been  clearly 
ascertained  that  the  surface  level  of  the  maximum  floods  in  the  main 
drain  can  be  discharged  at  a  level  that  -will  admit  of  the  submain 
drains  venting  the  waters  from  the  lowest  point  of  the  lands  proposed 
to  be  thorough-drained,  at  a  level  sufficiently  below  the  surface  of  such 
land,  that  the  highest  floods  shall  not  prevent  the  free  discharge  of 
such  submain. 

"When  sufficient  out-fall  can  be  obtained,  no  open  main  drain 
should  be  of  a  less  depth  than  five  feet,  and  in  all  cases  a  greater  depth 
is  desirable,  in  order  to  insure  a  permanent  and  efficient  drainage,  and 
at  the  same  time  to  prevent  cattle,  &c.,  from  crossing. 

"As  it  has  been  found  by  practical  experiments  on  different  varie- 
ties of  soils,  that  deep  drains,  say  from  four  to  five  feet  deep,  are  more 
effective  than  shallow  ones  :  they  should  always  be  estimated  for,  when 
the  open  main  drains  admit  of  their  being  cut  to  that  depth,  or  when, 
by  a  moderate  outlay  per  acre,  the  main  drains  can  be  cut  to  a  suffi- 
cient depth  ;  the  distance  between  the  parallel  drains  must  necessarily 
vary  with  the  texture  of  the  soil, — ^forty  feet  may  be  taken  as  a  general 
rule. 

OPEN  MAIN  DRAINS. 

"  Main  drains  should  have  gradients  of  such  inclination,  and  be 
sunk  to  a  depth  that  wiU  admit  of  the  above  stipulations,  as  to  the 
discharge  of  the  submain  drains  being  carried  out.  They  should  have 
such  width  at  bottom  and  side  slopes  as  may  be  necessary  ;  and  be  free 
of  sharp  angles,  projecting  stones,  and  other  impediments  to  the  quick 
discharge  of  the  waters. 

"  The  spoil  or  material  raised  in  sinking  and  improving  the  drains, 
where  not  available  for  filling  up  useless  holes  or  drains,  should  be 
removed  to  a  proper  distance  from  the  edge  of  the  main  drains,  and 
dressed  off  in  a  workmanlike  manner. 

"  The  abutments  and  piers  of  such  bridges  as  have  sufficient  breadth 
of  water-way,  should,  if  necessary,  be  carefully  under-pinned  ;  and 
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those  bridges  ■which,  are  insufficient  to  discharge  ifoods,  should  be 
taken  down  and  rebuilt  of  suitable  dimensions. 

COVEEBD  MAIN  DEAINS. 

"  Whenever,  from  the  nature  of  the  lands,  the  extent  of  the  district 
under  drainage,  and  the  quantity  of  water  to  be  voided,  it  may  be 
necessary  to  form  covered  main  drains  to  receive  the  water  discharged 
from  the  submains,  their  dimensions  must  be  proportional  to  the 
amount  of  water  to  be  voided,  well  flagged  or  paved  at  bottom,  the 
sides  built  of  stone  or  brick,  and  covered  with  a  flag  or  arch  at  top. 

STJBMAINS. 

"  The  submains  to  be  of  such  depth  and  width  at  top  and  bottom 
as  may  be  necessary.  The  fall  in  each  to  be  as  great  as  the  above- 
described  main  drainage  of  the  district  will  allow,  and  not  to  be 
allowed  to  run  beyond  a  suitable  length  without  discharging  itself  into 
a  covered  or  open  main  drain. 

THE  MINOE  DEAINS 

"  To  be  of  such  depth,  width  at  top  and  bottom,  and  at  such  distance 
apart,  as  will  secure  the  perfect  drainage  of  the  land,  to  be  run  in  a 
straight  direction  parallel  to  each  other,  directly  up  and  down  the 
declivity,  unless  where  the  declivity  happens  to  be  very  steep,  and 
then  to  be  carried  across  the  fall  at  such  an  angle  as  to  secure  a  free 
dischajge  for  the  water.  The  fall  in  each  minor  drain  to  be  as  great  as 
the  main  drainage  and  snbmain  drainage,  previously  described,  will 
admit. 

"  In  filling  in  the  stones,  great  care  should  be  taken  that  the  bottom 
of  the  drain  be  clean,  and  that  no  clay  or  dirt  be  put  in  with  them  ; 
a  sod,  grass  side  down,  or  a  few  inches  of  tough  clay,  to  be  placed  on 
the  surface  of  the  stones,  and  trodden  firmly.  The  drain  should  then 
be  filled  up  with  the  stuff  previously  shovelled  out,  observing  to  keep 
the  active  soil  for  the  top.  The  putting  in  of  the  stones  to  be  com- 
menced at  the  highest  part  or  head  of  the  drain. 

"  In  u^ing  draining  pipes  or  other  tiles,  care  should  be  taken  that 
they  be  laid  firmly  on  the  bottom  for  their  entire  length,  so  as  to  pre- 
vent them  being  deranged  by  the  filling  of  the  drain,  and  that  the 
points  be  fitted  as  closely  together  as  possible. 

"  In  cases  of  unfavourable  ground,  caused  by  running  sand  or  other- 
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wise,  whereby  the  level  of  the  conduit  might  be  deranged,  collared 
pipe  tUes  ofiFer  considerable  advantages  in  the  way  of  remedy. 

"  When  gripes  may  be  necessary  on  the  sides  of  farm  roads,  they 
should  be  on  the  field  side  of  the  fences." 


SPECIFICATION  FOR  MAIN  DRAINAGE. 

OPEN   MAIN  DEAIKS. 

"  The  deepening  and  improving  of  the  main  drain,  Ho. ,  is  to 

be  commenced  at  the  point on  the  accompanying  map,  and  from 

thence  a  gradient  carried  up  to  the  point ,  having  an  inclination 

of  at  least feet  per  statute  mile,  and  sunk  to  the  depth  of 

feet.     It  shall  be feet  wide  at  bottom,  and  the  side  slopes  shall 

average  — ^  at  least,  unless  in  rock  cutting,  when  the  side  slopes  may 
be  diminished  to  six  inches  to  one  foot ;  aU  sharp  angles,  projecting 
stones,  and  other  impediments  to  the  free  discharge  of  the  water,  must 
be  carefully  removed.  The  spoil  or  material  raised  in  sinking  and 
improving  the  drain,  when  not  immediately  used  for  top-dressing  the 
adjoining  lands,  or  for  filling  useless  holes  or  drains,  is  to  be  removed 

to  a  distance  of feet  from  the  edge  of  the  main  drain,  and  dressed 

oflf  in  a  workmanlike  manner. 

"  The  bridge  marked  at  the  point on  the  accompanying  map 

to  be . 

"The  whole  to  be  executed  in  a  proper  and  workmanlike  maimer, 
and  the  works  to  be  maintained  in  good  order  for  so  long  as  any 
interest  shall  be  payable  for  the  money  advanced  on  account  of  its 
execution. " 


SPECIFICATION  FOR  THOROUGH-DRAINAGE 
(WITH  TILES). 

COVERED   MAIN  DKAINS. 

"  These  shall  be  cut  fifiy-fowr  inches  deep,  thirty-six  inches  wide  at 
top,  twenty-four  inches  wide  at  bottom ;  the  materials  used  in  them 
shall  be  double  row  of  three-inch  pipe  tiles. 

"The  side  walls  shall  be inches  in  height, inches  thick, 

and  well at  bottom.    They  shall  be  covered  with  a  flag  not  less 

than in  thickness. 
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SITBJIAINS. 

"  These  shall  he  out  fifty  inches  deep,  thirty  inches  wide  at  top, 
eighteen  inches  wide  at  hottom.  They  shall  he  carried  along  the  low 
side  of  the  iields,  or  portions  of  land  to  be  drained,  at  a  distance  from 
the  fence  of  fifteen  feet,  and  through  natural  hollows  where  necessary. 
No  suhmain  to  he  allowed  to  run  beyond  a  length  of  two  hwidred 
yards  without  discharging  itself  into  a  covered  or  open  mata  drain. 

MINOE  DRAINS. 

"  These  shall  he  cut  forty-eight  inches  deep,  siaAemi  inches  wide  at 
top,  five  inches  wide  at  hottom,  and  at  a  distance  of  forty  feet  apart. 
They  shall  he  run  in  a  straight  direction,  parallel  to  each  other,  directly 
up  and  down  the  declivity  (when  possible).  No  minor  drain  to  he 
allowed  to  run  beyond  a  length  of  two  himdred  yards  without  disohargf- 
ing  itself  into  a  suhmain. 

FILLING  IN. 

"All  the  drains  (or  a  large  number  of  them)  having  been  opened 
and  cut  in  a  workmanlike  manner,  and  it  being  ascertained  that 
no  water  is  standing  in  any  of  them,  the  filling  in  may  be  com- 
menced. 

MINOE  DKAINS. 

"Into  each  minor  drain  shall  be  put  pipe  tiles  twelme  inches  in 
length,  one-cmd-a-half  iatih.  in  the  ope,  for.orae  hund/red  yards,  com- 
mencing from  the  upper  end  of  the  drain,  and  pipe  tiles  tvjelve  inches 
in  length,  one-tmd-three-quarter  inch  in  the  ope,  in  continuation  from 
thence  to  the  suhmains. 

STJBMAINS. 

"  Into  each  suhmain  shall  be  put  pipe  tiles  twelve  inches  in  length, 
two  inches  in  the  ope,  for  one  himdred  yards,  commencing  from  the 
upper  end  of  the  drain,  and  pipe  tiles  twelve  inches  in  length,  three 
inches  in  the  ope,  in  continuation  to  the  end  or  point  where  they  dis- 
charge themselves. 

GENEEAL  EULES. 

"  All  tiles  to  be  of  good  sound  material,  and  well  burned.  The 
tiles  shall  be  laid  firmly  on  the  bottoms  of  the  drains  for  their  entire 
length  ;  the  joints  fitted  as  closely  as  possible,  they  shall  be  carefully 
covered  with  a  thin  grassy  sod  or  screen.  The  stuff  previously  taken 
out  of  the  drains  shall  then  be  returned,  observing  to  keep  the  active 
soil  uppermost. 
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"  The  mouths  of  the  covered  main  or  suhmain  drains  shall  he  built 
about  with  solid  masonry  set  in  mortar,  carried  up  with  the  same  slope 
as  the  sides  of  the  open  main  drain,  into  which  they  discharge  them- 
selves. 

"Before  laying  the  tiles,  great  care  must  be  taken  that  the  bottom 
of  the  drains  be  clean.  The  putting  in  of  the  tiles  to  be  commenced 
at  the  highest  point  or  head  of  the  drains. 

"  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
cut  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  of  the  distance  between  each  of  the  minor 
drains,  into  one  or  more  of  which  (as  may  be  necessary)  it  shall  dis- 
charge itself.  The  remainder  of  the  minor  drains  to  be  discontinued 
at  a  distance  from  this  'drain  equal  to  one-half  the  entire  distance 
between  each  of  the  minor  drains  ;  this  drain  to  be  of  the  same  dimen- 
sions, and  filled  with  the  same  materials,  and  in  like  manner,  as  the 
above  described. 

"  No  open  drain  shall  run  into  a  closed  one. 

"  In  passing  through  unfavourable  ground,  caused  by  running  sand 
or  otherwise,  whereby  the  level  of  the  conduit  might  be  deranged,  and 
where  pipe  tiles  are  the  materials  used  for  fonning  the  conduit,  collars 
must  be  used,  so  as  to  connect  the  ends  of  the  tiles,  and  they  must  be 
fitted  as  closely  as  possible. 

"  Soles  must,  in  all  cases,  be  used  when  laying  single  D  tiles,  and 
they  must  be  so  laid  -that  the  ends  of  the  tUes  shall  rest  equally  on 
them ;  when  inverted  D  tiles  are  used,  they  shall  also  be  connected 
from  end  to  end  by  placing  one-half  of  the  upper  tiles  on  one-half  of 
the  adjoining  tiles  below  them. 

"  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner  ; 
and  the  work  to  be  maintained  in  like  good  order  as  when  approved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execution."  [Collars  for  up  to  i-inch 
pipes  earn  he  had  at  the  Florence  Gomrt  Tilery.] 

SPECIFICATION  FOE  THOROUGH-DRAINAGE  (WITH 
BROKEN  STONES). 

COVEEED  MAIN  DBAINS. 

"  These  shall  be  exit  forty-two  inches  deep,  thirty  inches  wide  at  top, 
twenty-four  inches  wide  at  bottom  ;  the  materials  used  in  them  shall 

be . 

0  c 
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"The  side  walls  in  tliem  shall  be  twelve  inches  in  height,   six 

inches  thick,    and  well  at  bottom.      They  shall  be  covered 

with . 


"  These  shall  be  Koi  foHy-two  inches  deep,  eighteen  inches  wide  at 
top,  fowrUm,  inches  wide  at  bottom.  They  shall  be  carried  along  the 
low  side  of  the  j&elds,  or  portions  of  land  to  be  drained,  at  a  distance 
from  the  fences  of  thirteen  feet,  and  through  natural  hollows,  where 
necessary.  Ko  submain  to  be  allowed  to  run  beyond  the  length  of  one 
himdred  and  fifty  yards,  without  discharging  itself  into  a  covered  or 
open  main  drain. 

MINOE  DRAINS. 

"  These  shall  be  cut  thirty-six  inches  deep,  fifteem  inches  wide  at  top, 
four  inches  wide  at  bottom,  and  at  a  distance  of  twenty -six  feet  apart. 
They  shall  be  run  in  a  straight  direction,  parallel  to  each  other,  directly 
up  and  down  the  declivity  (when  possible).  No  minor  drain  to  be 
allowed  to  run  beyond  the  length  of  two  hwndred  yards  without  dis- 
charging itself  into  a  submain. 


FILLING  IN. 

"  All  the  drains  (or  a  large  number  of  them)  having  been  opened 
and  out  in  a  workmanlike  manner,  and  it  .being  ascertained  that  no 
water  is  standing  in  any  of  them,  the  filling  in  may  be  commenced. 


MINOE  DEAINS. 

"  Into  each  minor  drain  shall  be  put  ten  inches  of  broken  stones  in 
depth,  the  stones  having  been  broken  to  a  size  not  exceeding  two-and- 
a-half  inches  in  diameter.  Great  care  should  be  taken  that  the  bottom 
of  the  drain  be  clean,  and  that  no  clay  or  dirt  be  put  in  along  with  the 
stones  ;  a  sod  (or  clay,  as  may  be  convenient)  three  inches  thick  shall 
be  placed  carefully  on  top,  and  the  whole  trampled  upon  or  rammed 
hard.  The  drain  shall  then  be  filled  up  with  the  stuff  previously 
shovelled  out,  observing  to  keep  the  active  soil  for  covering  the  top. 
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The  putting  ia  of  the  stones  shall  invariably  be  commenced  at  the 
highest  part  or  head  of  the  drain. 


FILLING  IN   SUBMAINS. 

"In  each  submain  a  conduit  shall  be  formed  of  six  inches  in 
height,  fomr  inches  wide,  and  the  filling  in  completed  as  above 
described. 

GENEKAL  KTTLES. 

"  The  mouths  of  the  covered  maia  or  submain  drains  shall  be  built 
about  with  solid  masonry  set  in  mortar,  carried  up  with  the  same  slope 
as  the  sides  of  the  open  main  drain  into  which  they  discharge  them- 
selves. 

"  Before  filUng  in  the  stones,  great  care  must  be  taken  that  the 
bottom  of  the  drains  be  clean,  and  that  no  clay  or  dirt  be  put  in  along 
with  them.  The  putting  in  of  the  stones  to  be  commenced  at  the 
highest  part  or  head  of  the  drains. 

"  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
cut  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  the  distance  between  each  of  the  minor  drains, 
into  one  or  more  of  which  (as  may  be  necessary)  it  shall  discharge 
itself.  The  remainder  of  the  minor  drains  to  be  discontinued  at  a 
distance  from  this  drain,  equal  to  one-half  the  entire  distance  between 
each  of  the  minor  drains  ;  this  drain  to  be  of  the  same  dimensions,  to 
be  filled  with  the  same  material,  and  in  like  manner,  as  the  above 
described. 

"  Ko  open  drain  shall  run  into  a  closed  one. 

"The  whole  to  be  executed  in  a  proper  and  workmanlike  manner, 
and  the  work  to  be  maintained  in  like  good  order  as  when  approved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execution." 

One  of  the  officers  of  the  Commissioners  of  Pdblic 
Works,  Ireland,  the  Inspector  of  Drainage  for  Eos- 
common,  a  gentleman  residing  in  that  county,  wrote 
to  us  as  follows,  with  reference  to  tUe  and  broken- 
stone  drains  on  the  carboniferous  formation : — 

"  With  respect   to  tile  drainage,  my  experience  ha 

c  0  2 
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not  been  very  extensive,  as  the  proprietors  of  the  dis- 
trict, with  scarcely  any  exception,  give  a  decided  pre- 
ference to  broken  stones ;  but  from  what  I  have  seen, 
I  am  very  much  inclined  to  prefer  good  well-burnt 
pipes  to  any  other  draining  material,  provided  that 
collars  be  used,  but  not  otherwise.  As  to  the  best 
diameters,  I  have  found  the  1  J"  collared  pipes  of  the 
Clonbrock  Tile  Worlis  (now  closed)  very  satisfactory ; 
but  when  the  length  of  minor  drains  exceeded  100 
yards,  I  should  like  an  increase  to  IJ  or  If.  For 
submains  (say  150  or  180  yards  long)  I  have  recom- 
mended pipes  of  2  inches,  2J,  and  3  inches  in  succes- 
sion, all  of  which  were  to  be  had  with  collars :  if 
4-uich  pipes  were  to  be  had  with  collars,  I  should 
have  recommended  longer  submains.  The  larger-sized 
pipes  are  not  provided  with  collars  in  our  present 
tileries,  and  on  this  account  I  generally  put  a  note  on 
the  margin  of  the  printed  form,  suggesting  that  a  stone 
duct  of  the  ordinarg  size  of  submain,  say  6  inches  in 
height  and  4  inches  wide,  be  substituted  for  the  tile 
filling. 

"  I  decidedly  prefer  an  open  duct  to  broken-stone 
filling ;  and  in  nine-tenths  of  my  own  drainage  I 
have  made  the  minor  drains  on  the  same  plan  as  the 
submain,  with  an  open  stone  conduit;  the  only 
difference  being,  that  the  minor  drains  are  a  few 
inches  shallower,  with  a  smaller  duct.  The  increase 
of  expense  is  a  mere  trifle,  and  when  the  substratum 
(as  very  frequently  occurs  here)  is  a  fine  calcareous 
gravel,  containing  40  to  60  per  cent,  of  carbonate  of 
lime,  the  additional  spoil  is  a  very  cheap  fertilizer  for 
the  land. 
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"  With  respect  to  depths  and  distances  apart,  the 
two  most  commonly  used  in  my  specification  are  3J 
feet  deep,  33  feet  apart,— and  4  feet  deep,  42  feet 
apart.  These  arrangements  will  not  suit  all  cases, 
and  I  vary  accordingly.  Thus,  in  one  case  of  exceed- 
ingly retentive  land  of  peculiar  texture,  4-feet  drains, 
27  feet  apart,  produced  the  required  result,  while  in 
another,  3J-feet  drains,  66  feet  apart,  effected  all  that 
was  required.  In  the  latter  case  there  was  a  mixed 
soU,  which  might  be  described  as  '  half  wet ; '  yet  the 
water  lingered  sufGiciently  long  to  make  the  land  un- 
sound for  sheep,  and  greatly  to  injure  the  crops  in 
quality  as  weU  as  quantity." 

Mr.  Josiah  Parkes  says,  in  1843  : — "  Experiment 
and  experience  have  rapidly  induced  the  adoption 
of  a  system  of  parallel  drains,  considerably  deeper, 
and  less  frequent,  than  those  commojaly  advocated  by 
professed  drainers,  or  in  general  use.  I  gave  several 
instances  of  this  practice  in  Kent  in  the  Report  of 
last  year,  1843,  already  alluded  to,  and  it  is  rapidly 
extending.  Mr.  Hammond  stated  to  you  that  he 
drained  '  stiff  clays  2  feet  deep,  and  24  feet  between 
the  drains,  at  £3  4s.  Sd.  per  acre,  and  porous  soils  3 
feet  deep,  33|-  feet  asunder,  at  £2  5s.  2d.  per  acre.'  I 
now  find  him  continuing  his  drainage  at  4  feet  deep, 
wherever  he  can  obtain  the  outfall,  from  a  conviction 
founded  on  the  experience  of  a  cautious  progressive 
practice  as  to  the  depth  and  distance,  that  depth 
consists  with  economy  of  outlay  as  well  as  with 
superior  effect.  He  has  found  4-feet  di-ains  to  be 
efficient,  at  50  feet  asunder,  iu  soils  of  varied  texture 
— not  uniform  clays— and  executes  them  at  a  co&t  of 
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about  £1  Ss.  per  acre,  being  18s.  id.  for  871  pipes, 
and  £1  6s.  6d.  for  53  rods  of  digging.  Communica- 
tions have  been  recently  made  to  me  by  several 
respectable  Kentish  farmers,  of  the  satisfactory  per- 
formance of  drains  deeply  laid  in  the  Weald  clays,  at 
distances  ranging  from  30  to  40  feet,  but  I  have  not 
had  the  opportunity  of  personally  inspecting  these 
drainages. 

"  The  following  little  table  shows  the  actual  and 
respective  cost  of  the   above  three   cases   of  under- 


Depth  of 

drains,  in 

foet. 

Distance 
between  tlie 
drains,  in  feet. 

Mass 
of  soil  drained 

per  acre, 
in  cubic  yards. 

Mass  of  soil 

drained  for  one 

penny,  in 

cubic  yards. 

Surface  of  soil 

drained  for  one 

penny,  in 

square  yards. 

2 
3 

4 

24 

33i 

50 

32264 

4840 

6453 

4-1 

8-93 

12-00 

6-27 
8-93 
8-96 

draining,  calculated  on  the  effects  really  produced, 
that  is,  on  the  masses  of  earth  effectively  relieved 
of  their  surplus  water  at  an  equal  expense.  I  con- 
ceive this  to  be  the  true  expression  of  the  work 
done,  as  a  mere  statement  of  the  cost  of  drainage  per 
acre  of  surface  conveys  but  an  imperfect,  indeed  a 
very  erroneous,  idea  of  the  substantive  and  useful 
expenditure  on  any  particular  system.  This  will  be 
apparent  on  reference  to  the  two  last  columns  of  the 
table,  which  give  the  cost  in  cubic  yards  and  square 
yards  of  soil  drained  for  one  penny,  at  the  above- 
mentioned  prices,  depths,  and  distances. 

"  I  may  here  observe,  that  Mr.  Hammond,  when 
draining    tenacious    clays,    chooses    the    month    of 
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Februaxy  for  the  work,  when  he  lays  his  pipes 
(just  covering  them  with  clay  to  prevent  crumbs 
from  getting  in),  and  leaves  the  trenches  open 
through  March,  if  it  be  drying  weather,  by  which 
means  he  finds  the  cracking  of  the  soil  much  accele- 
rated, and  the  complete  action  of  the  drains  advanced 
a  full  season.  The  process  of  cracking  may,  doubtless, 
be  hastened  both  by  a  choice  of  the  period  of  the  year 
in  which  drains  are  made,  and  by  such  a  management 
of  the  surface  as  to  expose  it  to  the  full  force  of 
atmospheric  evaporation." 

"With  reference  to  drains,  we  have  known  a  case  in 
the  Queen's  County  in  which  inch  pipes  had  to  be 
taken  up,  and  pipes  of  2J-inch  bore  substituted.  The 
drains  were  40  feet  apart,  and  4  feet  deep,  and  the  pipes 
had  collars.  The  minor  drains  should  discharge  into 
submains  at  convenient  distances,  say  100  yards,  on 
flat  grounds.  Small  pipes  will  choke  unless  the 
velocity  in  them  be  sufficient  to  carry  off  deposits, 
and  the  diameters  should  vary  according  to  the  in- 
clinations of  the  ground,  and  distance  apart  of  the 
drains. 

Mr.  Mechi,  in  1844,  laid  down  the  following  rules : — 

"  1st. — That  it  is  not  the  size  or  form  of  the  drains 
that  regulate  perfect  drainage ;  but  the  de-pih  at  which 
they  are  placed.  The  depth  also  governs  the  distances 
at  which  the  drains  should  be  cut  according  to  the 
quality  of  the  soil. 

"  2nd. — The  pipes  of  1-inch  bore,  without  stones, 
are  amply  sufficient,  placed  at  4  feet  deep  and  30  feet 
wide  in  dense  soils,  and  the  same  depth  and  50  feet 
wide  in  mixed  soils. 
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"  3rd. — The  deep  drains  receive  more  water  than 
shallow  ones,  and  consequently  lay  dry  a  greater  extent 
of  gi'ound. 

"4th. — The  deep  drains  hegin  and  end  running 
sooner  than  shallow  ones,  and  carry  off  more  water  in  a 
given  time. 

"  5th. — That  where  shallow  drains  are  made  'and 
deep  ones  cut  helow  them,  the  shallow  ones  no  longer 
act,  all  the  water  passing  to  the  deeper  drains. 

"  6th. — That  when  round  stones  are  used  as  weU  as 
pipes,  the  latter  should  always  be  placed  at  the  bottom, 
as  I  find,  practically,  water  flows  more  quickly  through 
pipes  than  amongst  stones. 

"  Before  persons  begin  draining,  I  would  recommend 
their  perusing  attentively  the  facts  developed  by  Mr. 
Parkes,  at  pages  39  and  40,  and  my  remarks  at  page 
36  of  Letters  on  Agricultural  Improvements. 

"  Pipes  made  to  socket  into  each  other  (by  Ford's 
Patent  Socketing  M  achine)  are  best  adapted  to  loose  or 
mixed  soils." 

Pipes  laid,  however,  too  near  the  surface,  are  fre- 
quently choked  with  the  roots  of  plants.  The  principal 
advantage  of  submains  alongside  open  mains  is,  that 
the  mouths  of  the  minor  drains  should  not  be  choked 
from  vegetation,  and  that  the  water  fi-om  them,  flowing 
into  and  taken  up  by  this  submain,  may  be  discharged 
by  a  few  apertures  only,  and  thereby  keep  themselves 
open,  or  as  much  so  as  the  nature  of  the  case  will 
admit.  The  following  tables  show  the  cost  per  Statute 
acre,  in  Ireland,  of  thorough-drainage,  which  must 
vary  with  circumstances,  locality,  and  the  value  of 
labour. 
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The  average  cost  per  statute  acre  for  Sir  Richard 
O'DonneU's  Gold  Medal  was  £3  5s.*Id.,  and  ^94 13s.  IM. 


TABLE  shomng  a  Relwm,  of  the  number  of  Acres  tJiorough-dramed  m  the 
years  1843  cmd  1844,  hy  the  different  Competitors  for  Sir  Richard 
0''Dormell's  Gold  Medal,  together  with  the  Average  Prices  per  Perch,  and 
Cost  per  Acre  respectively.  {Gfiven  in  Reports  to  the  Royal  Agricultural 
Improvement  Society  of  Ireland.) 


Competitors. 

o 

111 

Average 
price  per 

statute 
percli. 

Average 

price  per 

statute 

acre. 

•gg 

Bate  of 
wages  per 
day  and  by 
task  work. 

A.     K.   P. 

P. 

Marquess  of  "Waterf ord 

501    2  15 

66,900 

1842,  re- 
duced to 
64iJ.in 
1846. 

£6  in 
1842,  re- 
duced to 
£3  is.  8d. 
in  1845. 

5  per  cent, 
charged  to 
the  rent. 

Viscount  Templetown . 

564    0  26 

54,361 

Hd. 

£1  14    4 

£600    0  0 

Sir  B.  O'Donnell,  Bart. 

551    0    0 

63,478 

id. 

1  12    4 

408    6  0 

8A  a  day. 

The  Earl  of  Caledon     . 

321    0  19 

47,183 

id. 

2    9    5 

390    9  9 

lOA  to  1». 
a  day. 

J.  L.  W.  Naper,  Esq.   . 

254    1  29 

34,433 

9%d. 

5    8    3 

700    7  4 

Id,  a  day 
in  winter, 
andlOdin 
summer. 

Lord  Blayney 

201    2  30 

34,634 

5d. 

3  12    0 

427  18  0 

lOii.  to  Is. 
a  day. 

TABLE  showing  a  Return  of  the  nvmler  of  Acres  thorough-drained  by 
Proprietors,  for  the  Society's  Gold  Medal,  and  the  Average  Prices  per 
Perch  ami  per  Acre  respectively. 


A. 

R.  V. 

p. 

£s. 

d. 

The  Earl  of  Erne      .    . 

110 

0  37 

3  12 

3 

Lord      DufiFerin      and 

Chtnboye   . 

203 

1    0 

29,478 

10:  d. 

6  11 

9 

Is.perday. 

Messrs.  Andrews     .    . 

117 

1    4 

16,614 

9iA 

5  15 

0 

I3d.  per 
day. 
rd  to  Sd. 

Dr.  O'NelU    . 

115 

0  12 

.. 

2  16 

3 

a  day. 

for  the  Society's  Gold  Medal ;  average  of  both,  M  per 
statute  acre  nearly. 
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The  average  number  of  acres  annually  improved  in 
Ireland,  about  the  year  1860,  was  about  5530,  at  an 
average  cost  per  acre  of  £4  17s. 

In  Ireland,  thorough- drainage  is'  almost  generally 
carried  out  by  loan,  under  the  Commissioners  of 
Public  Works,  and  there  is  no  branch  of  the  public 
service  which  has  given  more  satisfaction  to  owners  of 
property.  The  works  are,  we  beheve,  always  executed 
witlun  the  estimates,  and  the  owner  having  the  expendi- 
ture in  his  own  hands,  can  satisfy  himself  of  its  proper 
application.  How  different  from  the  Arterial  Drainage, 
when  the  Board  executed  the  works  themselves,  a 
system  now  so  happily  changed !  No  loans  are  made 
unless  where  immediately,  or  prospectively,  a  retm-n 
of  6|-  per  cent,  is  estimated  on  the  expenditure,  a 
rent-charge  for  this  amount  being  made  for  22  years. 


AETEEIAL   DEAINAGE. 

The  effect  of  thorough-drainage  on  the  arterial 
channels  of  a  district,  is  to  discharge  the  rain-fall 
into  the  main  channels  in  a  shorter  time  than  before, 
particularly  during  wet  seasons.  This  frequently 
causes  floods  to  rise  higher  as  well  as  more  rapidly. 
During  dry  seasons  the  supply  is  less,  and  so  far, 
when  it  is  limited,  an  injury  is  done  to  the  adjacent 
districts  requiring  it  for  use.  The  effect  of  obstruc- 
tions in  the  main  channel  is  to  impound  the  upland 
water,  sometimes  made  available  for  water  power  or 
navigation  purposes,  but  in  general  to  the  injury  of 
the  drainage  of  adjacent  lands,  and  the  regimen  of  the 
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TABLE  sliowing  Estimates  of  the  QiMntUies  and  General  Cost  for  the 
Thoroiigh-Braina^e  of  a  Statute  Acre  of  Zand,  wiih  broken  Stones  or 
Tiles,  wiih  tlie  distances  apa/rtfor  different  class  soils. 


1. 

TS  S 

Cubic  yards  per 

•U 

.3 
3  d 

S-g 

■gS 

acre. 

1 

o  3 

Description  of  land, 

I'S 

1 

If 

section  of  parallel  drain. 

,0'— • 

■S-B 

u 

i;.s 

and  cost. 

sl 

P 

S 
a 

u 

ll 

Of 
clay 

Of 
broken 

1 

u 

a 

Ij 

excav. 

stones. 

1 

f^ 

Feet 

Perches 

Cu.  yds. 

Cu,  yds. 

£       8. 

a. 

No. 

'    12 

220    . 

277 

38-5 

7    6 

8 

3,630 

13 

203 

2551 

35-5 

6  15 

4 

3,351 

Hard  subsoil  stiff  and 

14 

188i 

237 

33-0 

6     5 

8 

3,111 

sandy  clay  drains. 

15 

176 

221 

30-8 

5  17 

4 

2,904 

from  12  to  20  feet- 

16 

165 

207 

28-9 

5  10 

0 

2,722 

apart,    at    8d.    per 

17 

155J 

1954 

27-2 

5    3 

64 

2,562 

lineal  perch. 

18 

146i 

184 

25-9 

4  17 

eh 

2,420 

19 

139 

175 

24-3 

4  12 

0 

2,293 

20 

132 

166| 

23-1 

4    8 

0 

2,178 

21 

125i 

1824 

29-3 

4  14 

6 

2,074 

22 

120 

174f 

28-1 

4  10 

0 

1,971 

23 

115 

167 

26-9 

4    6 

3 

1,894 

Freestone        bottom 

24 

110 

1594 

25-7 

4    2 

6 

1,815 

drains,  from  20  to 

25 

1054 

1534 

24-7 

3  19 

14 

1,742 

30  feet  apart,  at  9d. 
per  lineal  perch. 

26 

1014 

1474 

23-7 

3  16 

14 

1,675 

27 

971 

142 

22-9 

3  13 

4 

1,613 

28 

94 

1364 

22-0 

3  10 

6 

1,556 

29 

91 

1324 

21-3 

3    8 

3 

1,502 

30 

88 

1271 

20-6 

3    6 

0 

1,452 

31 

85 

1514 

24-7 

3  10  10 

1,405 

32 

82i 

147 

24-0 

3    8 

9 

1,361 

Beds  of  gl'avel,  sand, 
and  rooky  stratifi- 
cation,  from  30  to 
100  feet   apart,   at 
lOd.      per      lineal 
perch. 

33 
34 
35 
36 
37 
38 

80 

771 

75i 

7H 

71 

69 

142| 

1384 

134 

1304 

1264 

123 

23'2 
22-6 
21-9 
21 '3 
20-6 
20-0 

3     6 
3    4 
3    2 
3     1 
2  19 
2  17 

8 

84 

9i 

l| 

2 

6 

1,320 
1,280 
1,245 
1,210 
1,177 
1,146 

39 

67J 

1191 

19-6 

2  16 

u 

1,117 

40 

651 

1164 

19-1 

2  14 

84 

1,089 

100 

27 

47 

8-0 

1     2 

6 

436 
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Original  Estimate, 
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exclusive  of 
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omitted  and  of 

County  Works,  but 

including  Interest  to 

the  time  the 

Works  were  stopped  for 

Second  Assents. 
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river,  particularly  in  flat  districts.  The  arterial 
drainage  in  Ireland  has  effected  a  vast  amount  of 
good,  but  up  to  1853  the  estimates  appear  to  have 
been  usually  doubled;  those  for  eleven  of  these  works 
being  £186,916,  and  the  expenditure  £293,532.  The 
average  cost  per  acre,  on  the  land  improved  by  these 
projects,  varied  from  £1  19s.  8d.  to  £10  6s.,  the 
average  of  the  eleven  districts  being  £4  3s.,  vrhich  is 
about  the  average  for  thorough-drainage.* 

The  following  table  affords  valuable  information  of 
the  cost  of  arterial  drainage  works  in  Ireland:  it  is 
extracted  from  the  Report  of  the  Commissioners  of 
Inquiry  presented  to  the  House  of  Commons,  June 
16th,  1853. 

The  abstract  of  84  arterial  drainage  awards,  made  by 
the  Commissioners  of  Public  Works  in  Ireland,  in 
1854,  gives  for  different  years,  1849  to  1854 — 


Number  of 
districts 
drained. 

Total 
combined 
catchment 
acreage  of 

districts. 

Area  of 
flooded  lands, 

Average  cost  of 

arterial  drainage 

per  acre  improved 

by  drainage. 

£,  s.    d. 

12  districts 

90,332 

9,453 

3  14    2 

27       „ 

95,582 

11,579 

3  16    7 

19       „ 

237,466 

13,707 

4  17    3 

16       „ 

374,427 

29,452 

3  13    4 

2 

49,840 

3,275 

5     0    0 

8       „ 

266,420 

21,033 

3    9    4 

84 

1,114,067 

88,501 

3  17    7 

The  last  line  gives  the  general  average,  and  shows 
that  in  these  84  districts,  about  1  acre  in  13  is  the 


*  See  Parliamentary  Report,  by  Sir  Richard  Griffith,  Sir  "W.  Cubitt, 
and  Jas,  M.  Eendel,  June  16th,  1853,  pp.  14,  15. 


ORIFICES,    WMIRS,  PIPES,  AND  RIVERS.  399 

average  of  flooded  lands  to  the  catchment  area,  or 
8  per  cent,  nearly.  The  original  and  revised  esti- 
mates for  these  works  were  considerahly  exceeded 
in  almost  every  case,  and  the  landowners  having 
justly  resisted  any  payments  exceed/ing  their  original 
assents,  they  succeeded.  See  Eepoet  of  the  Com- 
missioners OF  Inquiet  into  the  Works  of  Arterial 
Drainage  in  Eleven  Districts  in  Ireland,  pre- 
sented to  the  House  of  Commons,  June  16th,  1853. 


SECTION  XIV. 

water  and  horse  power. — friction  brake,  or  dyna- 
mometer,— calculation  of  the  effective  power 
of   water  wheels. — overshot,   undershot,    and 

breast  vertical  wheels. horizontal  wheels  and 

turbines. hydraulic  ram. water  engine. 

Taking  the  representative  of  a  horse's  power  at 
33,000  foot-pounds,  or  83,000  lbs.  raised  one  foot 
high  in  one  minute,  the  theoretical  horse-power  of  an 
overfall  is  expressed  by  the  fall  in  feet,  multiplied  by 
the  discharge  in  cubic  feet  per  minute,  the  product 
multiplied  by  62^  (the  jveight  in  lbs.,  nearly,  of  a 
cubic  foot  of  water),  and  divided  by  33,000.  The 
following  table  (page  400)  gives  the  weight  in  air  of  a 
cubic  foot  of  pure  water  at  different  temperatures, 
Fahrenheit's  thermometer. 
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WEIGHT   OF  A  CUBIC  FOOT   OF  WATBK. 

The  weight  of  SS  euhkfeet  of  water  is  one  ton,  nearly. 


Tempe. 
rature,  in 

Weight  of  a 
cubic  foot  of 
water.  Pounds 

Tempe- 
rature, in 

Weight  of  a 
cubic  foot  of 
water.  Pounds 

Tempe- 
rature, in 
degrees. 

Weight  of  a 
cubic  foot  of 
water.  Pounds 

degrees. 

Avoirdupois. 

degrees. 

Avoirdupois. 

Avoirdupois. 

32 

62-375 

51 

62-365 

69 

62-278 

33 

62-377 

52 

62-363 

70 

62-272 

34 

62-378 

53 

62-359 

71 

62-264 

35 

62-379 

54 

62-356 

72 

62-257 

36 

62-380 

55 

62-352 

73 

62-249 

37 

62-381 

56 

62-349 

74 

62-242 

38 

62-381 

57 

62-345 

75 

62-234 

39 

62-382 

58 

62-340 

'76 

62-225 

40 

62-382 

59 

62-336 

77 

62-217 

41 

62-381 

60 

62-331 

78  ' 

62-208 

42 

62-381 

61 

62-326 

79 

62-199 

43 

62-380 

62 

62-321 

80 

62-190 

44 

62-379 

63 

62-316 

81 

62-181 

45 

62-378 

64 

62-310 

82 

62-172 

46 

62-376 

65 

62-304 

83 

62-162 

47 

62-375 

66 

62-298 

84 

62-152 

48 

62-373 

67 

62-292 

85 

62-142 

49 

62-371 

68 

62-285 

86 

62-132 

50 

62-368 

87 

62-122 

16,500  foot-pounds,  or  one  half  of  the  ahove,  is 
much  nearer  the  average  power  of  a  horse,  working 
for  10  hours  only,  as  the  work  is  ordinarily  done 
through  the  country;  33,000  lbs.  raised  one  foot  per 
minute  is  equivalent  to  884  tons,  nearly,  raised  one  foot 
in  an  hour,  and  14*73  tons  in  a  minute.  Therefore,  a 
river  discharging  884  tons,  over  a  faU  one  foot  high  in 
an  hour,  or  884  tons,  over  a  fall  24  feet  high  in  24 
hours,  has  also  a  horse-power.  The  drainage  of  10 
square  mUes,  with  an  average  collection  of  12  inches 
in  depth  of  rain  annually,  will  give  an  unceasing  one- 
horse  power  for  each  foot  of  fall  in  a  receiving 
channel ;    or  five   square   miles  will  give  the   same 
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result,  if  the  collection  amounts  to  24  inches  in  depth. 
The  collection  of  10  square  miles,  one  foot  deep,  yearly, 
is  nearly  equal  to  the  delivery  of  530  cubic  feet  per 
minute,  for  the  same  period;  or  to  one-horse  power 
theoretical,  working  day  and  night.  See  pp.  322  &  323. 

The  effective  power  of  a  faU  depends  on  the 
nature,  proportions,  and  construction  of  the  wheel 
or  machine,  and  also  upon  the  manner  in  which  the 
theoretical  power  is  applied.  When  the  velocity  of  a 
stream  acting  on  a  wheel  only  is  known,  the  theoretical 
head,  h,  due  to  it  is  found  in  feet  from  the  formula  h  =■ 
•0155  Dg)  1^  being  the  velocity  in  feet  per  second. 

In  order  to  gauge  the  quantity  of  water  applied  to  a 
wheel,  and  thereby  determine  with  accuracy  its  effec- 
tive power,  the  water  used  must  be  passed  through  an 
orifice,  or  over  a  notch  or  a  weir,  the  coefficients  for 
which  has  been  previously  ascertained  from  experi- 
ment. Greater  accuracy  can  be  obtained  from  gaug- 
ings  through  thin  plates,  or  planks  having  the  down- 
stream arrises  chamfered  off,  than  with  any  other 
form  of  orifice  or  notch ;  and  when  it  can  be  effected, 
the  channel  above  should  be  sufficiently  enlarged  to 
prevent  the  effects  of  an  approaching  current.  We 
have  already  in  the  body  of  this  work  dwelt  in  detail 
on  the  various  formulae  required  for  gauging  under 
different  circumstances.  The  accuracy  of  results, 
showing  the  effective  powers  of  wheels,  depends  in 
the  first  place,  on  the  accuracy  of  the  gaugings  or 
estimates  of  the  quantity  of  water  used,  and  next  on 
the  fall  employed.  The  loss  of  head  in  passing 
through  the  penstock  sluice,  or  orifice,  and  until  the 
water  acts  on  the  wheel,  requires  to  be  estimated  also, 

D  D 
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and  deducted  from  the  fall  or  head,  to  find  the  effective 
fall,  and  the  effective  power  of  a  wheel. 

FEICTION   BRAKE,    OR   DYNAMOMETER. 

The  power  applied  to  a  revolving  shaft  through  a 
water  wheel  of  any  construction,  is  the  weight  of 
water  multiplied  by  the  fall.  It  is  evident  that  the 
portion  of  this  power  available  to  turn  a  shaft  and 
machinery,  or  the  effective  power,  must  depend  on 
the  construction  of  the  wheel,  as  portion  of  the  theo- 
retical power  is  lost  mechanically,  in  applying  it ;  in 

Tie.  44. 

FRICTION  BRAKES,   OR  DrNAMOMETERS. 


changes  of  direction,  friction,  eddies,  and  discharging 
currents.     The  greater  the  effective  power  conveyed 
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to  a  shaft,  the  greater  becomes  the  power  of  the 
wheel,  or  medium  through  which  the  original  power  is 
transmitted.  The  mechanical  effect  produced  by  a 
revolving  shaft  is  best  measured  by  a  friction  brake, 
the  principle  of  which  is  as  follows.  In  diagram  1, 
Fig.  44,  let  the  friction  pulley  aa  be  firmly  fixed  to 
the  revolving  shaft  or  axis  of  the  wheel ;  e  and  e,  two 
wooden  clamps  grasping  the  friction  pulley  by  means 
of  the  screw  bolts,  delineated,  which  can  be  tightened 
on  the  axis,  and  also  to  the  arm  f,  by  means  of 
suitable  nuts.  The  more  tightly  the  bolts  are 
screwed,  the  greater  will  be  the  friction  between  the 
friction  pulley  aa,  and  the  clamping  pieces  ee.  If, 
while  the  axis  and  friction  pulley  aa,  are  revolving 
in  the  direction  indicated  by  the  arrow,  a  weight  be 
applied  in  the  scale  at  i,  so  that  the  arm  f  shall  not  be 
carried  round,  but  remain  fixed ;  it  is  clear  that  the 
work  done  by  the  revolving  shaft  in  one  revolution, 
will  be  measured  by  the  circumference  of  the  friction 
pulley,  multiplied  by  the  friction  due  to  the  pressure 
on  it,  or  by  its  equivalent,  the  weight  in  the  scale  i, 
multiplied  by  the  circumference  of  a  circle  whose  radius 
is  L,  or  by  2  L  X  3'14159  X  w,  in  which  expression  w 
is  the  weight  in  lbs.  in  the  scale  i.  If  n  be  the  number 
of  revolutions  in  a  given  time,  say  one  minute,  we  shall 
therefore  have  the  useful  effect  of  the  wheel  on  the  shaft 
in  foot-pounds  per  minute,  equal  to 

2  L  X  3-14159  X  ty  X  K. 
We  have  also  the  power  of  the  water  acting  on  the 

wheel,  equal  to 

/i  X  D  X  62-37, 

in  which  h  is  the  head  and  d  the  discharge  in  cubic 
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feet  per  minute ;  therefore  we  shall  have  for  the  ratio 
of  the  effect  to  the  power  the  expression 

2  L  X  3"14159  X  w  y.  n  _      x.  w  n 
/i  X  D  X  62-37  ~  9-926  d  K 

If  the  reTolving  shaft  he  horizontal,  the  weight  of 
the  arm  f,  acting  at  its  centre  of  gravity  and  reduced 
to  the  length  l,  where  the  weight  w  is  suspended,  wiU 
have  to  be  included  in  the  weight  w.  If  the  weight  w 
be  suspended  at  the  end  of  a  connection  of  levers,  or 
other  mechanical  powers,  the  length  l  will  have  to  be 
determined  accordingly.  Diagram  2,  Fig.  44,  shows 
the  Armstrong  brake ;  Diagram  3,  the  common  form ; 
and  Diagram  4,  Egen's  brake. 

Fig.  45,  is  a  general  representation  of  the  brake 
used  by  Francis,  in  the  LoweU  experiments.  The 
length  of  the  arm  of  the  brake  l,  was  9*745  feet;  the 
length  of  the  vertical  arm  I  of  the  beU  crank  4"5  feet ; 
and  the  length  of  the  horizontal  arm  V  5,  feet.  The 
following  detailed  description  is  by  Francis : — 

"  The  Friction  Pulley  a  is  of  cast-iron,  5"5  feet  in 
diameter,  two  feet  wide  on  the  face,  and  three  inches 
thick.  It  is  attached  to  the  vertical  shaft  by  the 
spider  b,  the  hub  of  which  occupies  the  place  on  the 
shaft  intended  for  the  bevel  gear. 

"  The  friction  puUey  has,  cast  on  its  interior  cir- 
cumference, six  lugs,  c  c,  corresponding  to  the  six 
arms  of  the  spider.  The  bolt  holes  in  the  ends  of  the 
arms  are  slightly  elongated  iu  the  direction  of  the 
radius,  for  the  purpose  of  allowing  the  friction  pulley 
to  expand  a  little  as  it  becomes  heated,  without 
throwing  much  strain  upon  the  spider.  When  the 
spider  and  friction  pulley  are  at  the  same  temperature, 
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the  ends  of  the  arms  are  in  contact  with  the  friction 
Fig.  45. 

DTNAMOMETBB  POR  DETERMINING  THE  USEFUL  EFFECT  OF  THE  TREMONT 
TURBINE. 


0  6112 
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pulley.     The  friction  puUey  was  made  of  great  thick- 
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ness  for  two  reasons.  When  the  pulley  is  heated,  the 
arms  cease  to  be  in  contact  with  the  interior  circum- 
ference of  the  pulley,  consequently  they  would  not 
prevent  the  pressure  of  the  brake  from  altering  the 
form  of  the  pulley.  This  renders  great  stiffness  neces- 
sary in  the  pulley  itself.  Again,  it  is  found  that  a 
heavy  friction  pulley  insures  more  regularity  in  the 
motion,  operating,  in  fact,  as  a  fly-wheel,  in  equalizing 
small  irregularities. 

"  The  brakes  b  and  f  are  of  maple  wood ;  the  two 
parts  are  drawn  together  by  the  wrought-iron  bolts  g  g, 
which  are  two  iaches  square. 

"  The  hell  crank  f',  carries  at  one  end  the  scale  i, 
and  at  the  other  the  piston  of  the  hydraulic  regu- 
lator k;  this  end  carries  also  the  pointer  l,  which 
indicates  the  level  of  the  horizontal  arm.  The  vertical 
arm  is  connected  with  the  brake  f,  by  the  link  m, 

"  The  hydrdliuc  regulator  k,  shown  in  the  figures,  is 
a  very  important  addition  to  the  Prony  dynamometer, 
first  suggested  to  the  author  by  Mr.  Boyden,  ra  1844. 
Its  ofiSce  is  to  control  and  modify  the  violent  shocks 
and  irregularities,  which  usually  occur  in  the  action  of 
this  valuable  instrument,  and  are  the  cause  of  some 
uncertainty  in  its  indications. 

"  The  hydraulic  regulator  used  in  these  experiments, 
consisted  of  a  cast-iron  cylinder  k,  about  1*5  feet  in 
diameter,  with  a  bottom  of  plank,  which  was  strongly 
bolted  to  the  capping  stone  of  the  wheel  pit,  as  repre- 
sented in  figure  1.  In  this  cyUnder,  moves  the  piston 
N,  formed  of  plate-iron  0"5  inches  thick,  which  is  con- 
dnected  with  the  horizontal  arm  of  the  bell  crank  by  the 
piston  rod  o.     The  circumference   of  the  piston  is 
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rounded  off,  and  its  diameter  is  about  ^'-^  inch  less  than 
the  diameter  of  the  interior  of  the  cyHnder.  The  ac- 
tion of  the  hydraulic  regulator  is  as  foUows.  The 
cylinder  should  he  nearly  filled  with  water,  or  other 
heavy  inelastic  fluid.  In  case  of  any  irregularity  in 
the  force  of  the  wheel,  or  in  the  friction  of  the  brake, 
the  tendency  will  be,  either  to  raise  or  lower  the  weight, 
in  either  case  the  weight  cannot  move,  except  with  a 
corresponding  movement  of  the  piston.  In  consequence 
of  the  inelasticity  of  the  fluid,  the  piston  can  move  only 
by  the  displacement  of  a  portion  of  the  fluid,  which 
must  evidently  pass  between  the  edge  of  the  piston  and 
the  cylinder;  and  the  area  of  this  space  being  very 
small,  compared  to  the  area  of  the  piston,  the  motion 
of  the  latter  must  be  slow,  giving  time  to  alter  the  ten- 
sion of  the  brake  screws  before  the  piston  has  moved 
far.  It  is  plain  that  this  arrangement  must  arrest  all 
violent  shocks,  but,  however  violent  and  irregular  they 
may  be,  it  is  evident,  that,  if  the  mean  force  of  them 
is  greater  in  one  direction  than  in  the  other,  the  piston 
must  move  in  the  direction  of  the  preponderating  force, 
the  resistance  to  a  slow  movement  being  very  slight. 
A  small  portion  of  the  useful  effect  of  the  turbine  must 
be  expended  in  this  instrument,  probably  less,  however, 
than  in  the  rude  shocks  the  brake  would  be  subject  to 
without  its  use. 

"  For  the  purpose  of  ascertaining  the  velocity  of  the 
wheel,  a  counter  was  attached  to  the  top  of  the  vertical 
shaft,  so  arranged,  that  a  beU  was  struck  at  the  end  of 
every  fifty  revolutions  of  the  wheel. 

"  To  lubricate  the  friction  pulley,  and  at  the  same 
time  to  keep  it  cool,  water  was  let  on  to  its  surface  in 
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four  jets,  two  of  which  are  shown.  These  jets  were 
supplied  from  a  large  cistern,  in  the  attic  of  the  neigh- 
bouring cotton  mill,  kept  fall,  duriag  the  working  hours 
of  the  mill,  by  force  pumps.  The  quantity  of  water 
discharged  by  the  four  jets  was,  by  a  mean  of  two  trials, 
,0"0288  cubic  foot  per  second. 

"  In  many  of  the  experiments  with  heavy  weights, 
and  consequently  slow  velocities,  oil  was  used  to  lu- 
bricate the  brake,  the  water,  during  the  experiment, 
being  shut  off.  It  is  found,  that,  with  a  small  quantity 
of  oil,  the  friction  between  the  brake  and  the  puUey  is 
much  greater  than  when  the  usual  quantity  of  water  is 
applied;  consequently,  the  requisite  tension  of  the 
brake  screws  is  much  less  with  the  oU,  as  a  lubricator, 
than  with  water.  This  may  not  be  the  whole  cause  of 
the  phenomenon,  but,  whatever  it  may  be,  the  ease  of 
regulating  in  slow  velocities  is  incomparably  greater 
with  oil  as  a  lubricator,  than  with  water  applied  in  a 
quantity  suf&cient  to  keep  the  pulley  cool.  The  oil 
was  allowed  to  flow  on  in  two  fine  continuous  streams ; 
it  did  not,  however,  prevent  the  pulley  from  becoming 
heated  sufficiently  to  decompose  the  oil,  after  running 
some  time,  which  was  distinctly  indicated  by  the  smoke 
and  peculiar  odour.  When  these  indications  became 
very  apparent,  the  experiment  was  stopped,  and  water 
let  on  by  the  jets,  untU  the  pulley  was  cooled.  As  the 
ptilley  became  heated,  the  brake  screws  required  to  be 
gradually  slackened.  "Water,  linseed  oU,  and  resin  oil, 
were  each  used  for  lubrication." 

Fig.  46  is  a  representation  of  a  brake  used  by  Pro- 
fessor Thomson,  at  Crawford  artd  Lindsay's  miU,  to 
determine  the  power  of  a  turbine  put  up  there,  by  Mr. 
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Gardner,  of  Armagh.  One  of  the  common  causes  of 
the  swinging  or  vibratory  jumps  of  the  arms  f,  in  Figs. 
44,  45,  and  46  is,  that  veiy  often  the  friction  pulley,  or 
drum  A,  A,  must  be  made  in  two  parts,  so  as  to  be  fixed 


Fib.  46. 


FEICHON  BRAKE,   USED  AT  CRAWFORD  AND  LINBSAT'B  MILL,  BY  PROFESSOR 
JAMES  THOMSON,   TO  DETERMINE  THE  POWER  OF  THE  TURBINE. 


Length  of  the  brake,  l,  Fig.  45,  adjusted  .        .     9745  feet. 
Effective  length  of  vertical  arm  ?  .        .         .     .     4-5       ,, 
Effective  length  of  horizontal  arm  Z'  .        .        .60       „ 
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to  its  place  on  the  shaft.  This  fixiag  is  liable  to  give 
an  oval  shape,  and  causes  an  irregular  action  with  the 
clamps  E,  E.  Oil  gives  greater  regularity  of  motion 
than  water,  but  without  the  use  of  the  latter  abundantly, 
the  friction  pulley  would  usually  get  too  much  heated. 
The  following  calculations  from  practical  operations 
will  point  out  pretty  clearly  the  use  of  the  brake,  and 
the  manner  of  determining  the  useful  eifect  in  the  tables 
of  experiments,  by  Francis  and  Thomson,  pp.  38.3  and 
392  :— 
The    effective    length    of   the    brake   was    therefore 

^^1^^^  ^  =  2  X  10-827778  feet;  and  the  circumfer- 
4"5 

ence  of  a  circle  of  this  radius  =  10-827778  X  3-14159 
=  68-0329  feet. 

In  the  first  experiment  on  the  Tremont  turbine,  page 
429,  the  number  of  revolutions  of  the  wheel  per  second 
was  -89374,  and  the  weight  in  the  scale  1443-34  lbs. 
The  useful  effect  of  the  brake  was  therefore  in  foot- 
pounds per  second  68-0329  X  -89374  X  1443-34  =: 
87680-3  lbs.  raised  one  foot  per  second.  The  quantity 
of  water  which  passed  the  gauge-weir  in  cubic  feet  per 
second  was  139-4206,  and  the  total  fall  acting  on  the 
wheel  12-864  feet ;  therefore,  the  total  power  of  the 
water  acting  on  the  wheel  was  12-864  X  139-4206  X 
62-375  =  111870  feet-pounds  per  second,  62-375  being 
taken  as  the  weight  in  lbs.  of  a  cubic  foot  of  water  at 
32°  Fahrenheit.  The  ratio  of  the  useful  effect,  at  the 
given  velocity  of  the  wheel  (viz.  450  revolutions  in  503-5 

seconds),  to  the  power  expended,  is  therefore 

lllo70 

=  -784,  or  about  78J  per  cent.     The  effect  in  the  ex- 
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periments  generally  appears  to  liave  been  a  maximum, 
when  the  velocity  of  the  interior  circumference  of  the 
wheel  was  about  66  per  cent,  of  the  Yelocity  due  to  the 
fall ;  and  this  was  about  half  of  the  maximum  velocity, 
which  was  1-333  times  that  due  to  the  fall  alone,  when 
the  turbine  was  doing  no  work. 

In  Thomson's  brake  for  determiniag  the  useful  effect 
of  the  vortex  turbine,  erected  from  his  designs  at  BaUy- 
siUan,  Ireland,  l  =  4  ft.  2  in.,  and  the  circumference 
of  a  circle  that  would  be  described  by  the  arm  3  "141 59 
X  8  feet  4  inches  =  26-18  feet.  In  the  first  experi- 
ment, taken  from  the  tabulated  results,  page  419,  we 
get  26-18,  the  circumference  multiplied  by  46-31,  the 
weight  in  lbs.,  and  the  product  by  823-3,  the  number 
of  revolutions  per  minute,  equal  to  391,967  foot-pounds, 
for  the  effect  transmitted  from  the  turbine  or  work 
done.  "We  have  also  854-4,  the  number  of  cubic  feet 
of  water  passed  to  the  wheel  per  minute,  multiplied  by 
62-37,  the  weight  of  a  cubic  foot  of  water  in  lbs.,  mul- 
tiplied by  23-73  feet,  the  available  fall,  equal  to  524,526 

foot-pounds :  therefore  „^.' „  =  -747  is  the  useful 

524,526 

effect,  that  in  the  table  being  -7481,  which  probably 
arose  from  taking  a  different  weight  per  cubic  foot  for 
the  water.  Of  course  the  difference  is  immaterial. 
The  drum  attached  to  the  vortex  wheel  shaft  for  fixing 
the  brake  to,  was  in  two  parts,  bolted  together,  and 
firmly  enclosing  the  shaft.  It  was  of  cast-iron,  20 
inches  diameter,  and  8  inches  wide ;  the  shaft  to  which 
it  was  attached  was  2f  inches  diameter.  The  arm  of 
the  brake  was  5'-4"  X  6"  X  4"|-,  of  timber,  and  ex- 
tending 1  foot  2  inches  beyond  the  centre  of  the  shaft 
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and  drum.  The  clamping  pieces  were  about  2  feet  5 
inches  long  externally. 

For  overshot  wheels  the  ratio  of  the  power  to 
the  effect  may  be  taken  as  3  to  2,  and  therefore  the 
effective  horse-power, — taking  33,000  foot-pounds  per 
minute,  or  530  cubic  feet  falling  one  foot,  as  a  standard, 
— ^wiU  be  49,500  lbs.  of  water,  or  795  cubic  feet,  faUing 
one  foot  in  one  minute.  The  maximum  effect  varies 
with  the  construction  of  the  wheel.  Smeaton  found  it 
•76  times  the  theoretical  power ;  Weisbach  "78  times 
for  the  wheel  of  a  Stamp  MiU  at  Frieberg,  which  was 
23  feet  high,  3  feet  wide,  carrying  48  buckets.*  To 
find  the  effective  horse-power,  the  theoretical  horse- 
power must  be  here  divided  by  the  coefficient  of  effect 
*76  or  "78,  which  will  give  43,600  foot-pounds,  or 
43,300  foot-pounds  per  minute.  The  following  experi- 
mental results  from  a  model  wheel  are  by  Smeaton. 

In  this  table  the  effective  power  of  the  water  must 
be  reckoned  upon  the  whole  descent,  because  it  must 
be  raised  that  height,  in  order  to  be  in  a  condition  of 
producing  the  same  effect  a  second  time. 

The  ratios  between  the  powers  so  estimated,  and  the 
effects  at  the  maximum,  deduced  from  the  several  sets 
of  experiments,  are  exhibited  at  one  view,  in  column 
9,  of  Table  II. ;  and  from  hence  it  appears,  that  those 
ratios  differ  from  that  of  10  to  7'6  to  that  of  10  to  5*2, 
that  is,  nearly  from  4  to  3  to  4  to  2.  In  those  experi- 
ments where  the  heads  of  water  and  quantities  expended 

*  Some  valuable  experiments  on  tlie  power  of  water  wheels  are  given 
by  Eennie,  in  Weale's  Quarterly  Papers  on  Engineering,  vol.  vi.  Tbey 
however  require  reduction.  An  effect  of  75  requires  a  flow  «f  707  cubic 
feet  per  minute,  with  a  fall  of  one  foot,  for  a  horse  power. 
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are  least,  the  proportion  is  nearly  as  4  to  3,  but  where 
the  heads  and  quantities  are  greatest,  it  approaches 
nearer  to  that  of  4  to  2 ;  and  by  a  medium  of  the  whole, 

TABLE  contaiming  the  Remit  of  Sixteen  Experiments,  on  a  Model 
Overshot  Wheel,  by  Smeaton. 
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6 
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•70 

•84 
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8 

30 

90 

20 
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9 

30 
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•90 
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•84 
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13 
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1461 

23 
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2846 

•59 

•81 

14 

35 

65 

19f 
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1560 

1466 

•65 

•95 

15 

35 

120 

2U 
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4200 

2880 

2467 

•59 

•86 

CJO 

16 

35 

163J 

25 

26* 

5728 

3924 

2981 

•52 

•76 

the  ratio  is  that  of  3  to  2,  nearly.  We  have  seen  before, 
in  our  observations  upon  the  effects  of  undershot 
wheels,  that  the  general  ratio  of  the  power  to  the  effect, 
when  greatest,  was  3  to  1 ;  the  effect,  therefore,  of  over- 
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shot  wheels,  under  ike  same  circumstances  of  quantity 
and  fall,  is  at  a  medium  double  to  that  of  the  undershot ; 
and,  as  a  consequence  thereof,  that  non-elastic  bodies, 
when  acting  by  their  impulse  or  collision,  communicate 
only  a  part  of  their  origin^al  power ;  the  other  part  being 
spent  in  changing  their  figure,  in  consequence  of  the 
stroke. 

The  powers  of  water,  computed  from  the  height  of 
the  wheel  only,  compared  with  the  effects  as  in  column, 
10,  appear  to  observe  a  more  constant  ratio  :  for,  if  we 
take  the  medium  of  each  class,  which  is  set  down  in 
column  11,  we  shall  find  the  extremes  to  differ  no 
more  than  from  the  ratio  of  10  to  8'1  to  that  of  10  to 
8"5  ;  and  as  the  second  term  of  the  ratio  gradually  in- 
creases from  8*1  to  8"5,  by  an  increase  of  head  from  3 
inches  to  11,  the  excess  of  8'5  above  8*1  is  to  be  im- 
puted to  the  greater  impulse  of  the  water  at  the  head 
of  11  inches,  above  that  of  3  inches :  so  that  if  we 
reduce  8*1  to  8,  on  account  of  the  impulse  of  the  3-inch 
head,  we  shall  have  the  ratio  of  the  power,  computed 
upon  the  height  of  the  wheel  only,  to  the  effect' at  a  maxi- 
mum, as  10  to  8  or  as  5  to  4,  nearly ;  and  from  the 
equality  of  the  ratio  between  power  and  effect  subsist- 
ing, where  the  constructions  are  similar,  we  must  infer, 
that  the  effects,  as  well  as  the  powers,  are  respectively  as 
the  quantities  of  water  and  perpendicular  heights,  mul- 
tiplied together. 

Foe  beeast  wheels,  the  ratio  of  the  theoretical 
power  to  the  effective  power  must  vary  considerably, 
the  mean  value  being  about  '5  and,  therefore,  the 
effective  horse-power  would  be  66,000  foot-pounds,  or 
1,060  cubic  feet  falling  1  foot  in  one  minute.     Morin 
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gives  an  efficiency  of  from  "52  to  -7.  Egen,  with  a 
wheel  23  feet  in  diameter,  4J  feet  wide,  having  69 
ventilated  buckets,  very  well  constructed,  found  at  best 
an  efficiency  of  only  -52,  under  ordinary  circumstances 

TABLE  containing  the  Result  of  Twenty-sewn  Experiments,  on  a  Model 
Undershot  Wheel,  hy  Smeaton. 
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•48,  the  mean  amount  being  "5.    Very  wide  wheels 
give  a  larger  effect,  sometimes  as  high  as  "7 ;  but  a 
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great  deal  depends  on  the  manner  of  bringing  on  the 
water  and  the  construction  of  the  wheel  and  buckets. 

Poncelet's  wheel  is  seldom  if  at  all  used  in  these 
countries.  The  effective  power  is  "5,  or  1,060  cubic 
feet  of  water  falling  one  foot  for  the  standard  horse- 
power. 

Foe  undershot  wheels  the  mean  effect  may  be 
taken  at  one-third,  or  "33,  or  100,000  foot-pounds,  or 
1,590  cubic  feet  falling  one  foot  in  one  minute,  for  an 
effective  horse's  power;  a  maximum  effect  of  "5  is 
sometimes  approached,  and  a  minimum  of  "26  or  less. 
The  following  results,  obtained  from  a  model,  are 
given  by  Smeaton.  The  virtual  or  effective  head  is 
here  termed  the  theoretical  head  due  to  the  velocity  of 
the  wheel,  at  the  circumference,  which  was  75  inches 
girth. 

Smeaton  derived  the  following  "  maxims  "  from  the 
foregoing  experiments.  Their  truth,  independent  of 
any  experiment,  wiU  be  apparent : — 

/. — That  the  virtual  or  effective  head  being  the  same,  the  effect  will  he 
nearly  as  the  qiumiity  of  water  expended. 
,  II.  —That  the  expense  of  water  being  the  same,  the  effect  will  be  nearly 

as  the  height  of  the  'virtual  or  effective  head. 
III. — That  the  quantity  of  water  expended  being  the  same,  the  effect 
is  nearly  as  the  square  of  the  velocity. 
'  IV, — The  aperture  being  the  same,  the  effect  will  be  nearly  as  the  cube 
of  the  velocity  of  the  water. 

Foe  tuebines   or  hoeizontaii  wheels,   a  useful 

effect  of  two-thirds  or  "67  may  be  assumed,  or  49,500 

foot-pounds  in  a  minute  for  a  horse-power,  and  the 

efficiency  varies  from  '5  to  "8,  or  less.*    Poncelet's 

*  In  our  first  edition  we  gave  an  efSciency  of  -821,  on  the  authority 
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turbine  gives  aii  efficiency  of  '5  to  "6.  Floatiag  wheels 
'38,  impact  wheels  from  'IB  to  "4,  and  Barker's  mill 
from  -16  to  -35.  We  believe  that  the  efficiency  of  the 
turbine  has  been  too  often  over-estimated,  and  that 
the  great  advantage  of  this  wheel,  as  a  medium  of 
power,  is  derived  from  its  capability  of  employment  for 
all  falls,  whether  large  or  small,  without  any  consider- 
able loss  of  effect.  In  Ireland,  Mr.  Gardner,  of  Ar- 
magh, was  amongst  the  first,  if  not  the  first,  to  apply 
this  wheel  to  practical  purposes ;  and  Professor  Thom- 
son has,  in  his  vortex  wheels,  produced,  we  beheve,  the 
highest  efficiencies  which  have  yet  been  obtained  in 
practice.  In  the  experiments  on  the  Ballysillan  wheel 
higher  efficiencies  would  probably  have  been  attained 
with  a  supply  pipe  of  larger  diameter.  It  will  be  seen 
from  the  remarks,  at  pp.  164  to  167,  and  the  tables, 
at  pp.  146  and  199,  that  quite  apart  from  bends,  &c., 
a  loss  of  mechanical  power  always  results  from  the 
passage  through  orifices  and  pipes;  and  that  it  is 
necessary  to  take  this  loss  into  account,  before  the  head 
acting  on  the  wheel  can  be  accurately  used  to  determine 
its  effective  power.  The  table,  p.  419,  contains  the 
experiments  on  the  Ballysillan  turbine. 

The  following  remarks  on  the  vortex  turbine,  read 
at  the  meeting  of  the  British  Association  at  Belfast, 
in  1852,  are  also  by  Professor  Thomson : — 

of  a  paper  by  Dr.  Robinson,  Armagh,  in  the  Proceedings  of  the  Royal 
Irish  Academy,  vol.  iv.,  p.  214.  On  again  glancing  over  this  paper, 
we  believe  there  are  mistakes,  which  vitiate  the  results  there  given ; 
first,  in  the  formula  for  calculating  the  discharge  over  the  weir,  and 
next,  in  the  formula  for  finding  the  effect  of  the  brake.  Francis  gives 
an  efficiency  of  -88,  p.  3,  in  his  book. 

E  E 
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"  Numberless  are  the  varieties,  both  of  principle  and 
of  construction,  in  the  mechanisms  by  which  motive 
power  may  be  obtained  from  falls  of  water.  The  chief 
modes  of  action  of  the  water  are,  however,  reducible  to 
three,  as  follows : — First,,  the  water  may  act  directly 
by  its  weight  on  a  part  of  the  mechanism  which  descends 
while  loaded  with  water,  and  ascends  while  free  from 
load.  The  most  prominent  example  of  the  application 
of  this  mode  is  afforded  by  the  ordinary  bucket  water 
wheel.  Secondly,  the  water  may  act  by  fluid  pressure, 
and  drive  before  it  some  yielding  part  of  a  vessel  by 
which  it  is  confined.  This  is  the  mode  in  which  the 
water  acts  in  the  water  pressure  engiae,  analogous  to 
the  ordinary  high-pressure  steam-engine.  Thirdly, 
the  water,  having  been  brought  to  its  place  of  action 
subject  to  the  pressm'e  due  to  the  height  of  fall,  may 
be  allowed  to  issue  through  small  orifices  with  a  high 
velocity,  its  inertia  being  one  of  the  forces  essentially 
involved  in  the  conimunication  of  the  power  to  the 
moving  part  of  the  mechanism.  Throughout  the 
general  class  of  water  wheels  called  tm'bines,  which  is 
of  wide  extent,  the  water  acts  according  to  some  of  the 
variations  of  which  this  third  mode  is  susceptible.  In 
our  own  country,  and  more  especially  on  the  Conti- 
nent, turbines  have  attracted  much  attention,  and 
many  forms  of  them  have  been  made  known  by  pub- 
lished descriptions.  The  subject  of  the  present  com- 
munication is  a  new  water  wheel,  which  belongs  to  the 
same  general  class,  and  which  has  recently  been  in- 
vented and  brought  successfully  into  use  by  the  author. 
"  In  this  machine  the  moving  wheel  is  placed  within 
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a  chamber  of  a  nearly  circular  form.  The  water  is 
injected  into  the  chamber  tangentially  at  the  circum- 
ference, and  thus  it  receives  a  rapid  motion  of  rota- 
tion. Retaining  this  motion  it  passes  onwards  towards 
the  centre,  where  alone  it  is  free  to  make  its  exit. 
The  wheel,  which  is  placed  within  the  chamber,  and 
which  almost  entirely  fills  it,  is  divided  by  thin 
partitions  into  a  great  number  of  radiating  passages. 
Through  these  passages  the  water  must  flow  on  its 
course  towards  the  centre  ;  and  in  doing  so  it  imparts 
its  own  rotatory  motion  to  the  wheel.  The  whirlpool 
of  water  acting  within  the  wheel  chamber,  being  one 
principal  feature  of  this  turbine,  leads  to  the  name 
Vortex  as  a  suitable  designation  for  the  machine  as  a 
whole. 

"  The  vortex  admits  of  several  modes  of  construc- 
tion, but  the  two  principal  forms  are  the  one  adapted 
for  high  falls  and  the  one  for  low  falls.  The  former 
may  be  called  the  High-pressure  Vortex,  and  the 
latter  the  Low-pressm-e  Vortex.  Examples  of  these 
two  kinds  are  in  operation  at  two  mills  near  Belfast. 

"  The  height  of  the  fall  for  the  fii'st  vortex  is  about 
37  feet,  and  the  standard  or  medium  quantity  of  water, 
for  which  the  dimensions  of  the  various  parts  of  the 
wheel  and  case  are  calculated,  is  540  cubic  feet  per 
minute.  With  this  fall  and  water-supply  the  esti- 
mated power  is  28  horse-power,  the  efficiency  being 
taken  at  75  per  cent.  The  proper  speed  of  the  wheel, 
calculated  in  accordance  with  its  diameter  and  the 
velocity  of  the  water  entering  its  chamber,  is  355 
revolutions  per  minute.     The  diameter  of  the  wheel 
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is  22f  inches,  and  tlie  extreme  diameter  of  the  case 
is  4  feet  8  inches. 

"  In  the  second  vortex,  the  fall  being  taken  at  7 
feet,  the  calculated  quantity  of  water  admitted,  at 
the  standard  opening  of  the  guide-blades,  is  2,460 
cubic  feet  per  minute.  Then,  the  efficiency  of  the 
wheel  beiag  taken  at  75  per  cent.,  its  power  will 
be  24  horse-power.  Also,  the  speed  at  which  the 
wheel  is  calculated  to  revolve  is  48  revolutions  per 
minute. 

"  The  two  examples  which  have  now  been  described 
of  vortex  water  wheels,  adapted  for  very  distiuct 
circumstances,  will  serve  to  indicate  the  principal 
features  in  the  structural  arrangements  of  these  new 
machines  in  general.  Respecting  their  priuciples  of 
action  some  further  explanations  will  next  be  given. 
In  these  machines  the  velocity  of  the  circumference 
is  made  the  same  as  the  velocity  of  the  entering 
water,  and  thus  there  is  no  impact  between  the  water 
and  the  wheel ;  but,  on  the  contrary,  the  water  enters 
the  radiating  conduits  of  the  wheel  gently,  that  is 
to  say,  with  scarcely  any  motion  in  relation  to  their 
mouths.  In  order  to  attain  the  equalization  of  these 
velocities,  it  is  necessary  that  the  circumference  of  the 
wheel  should  move  with  the  velocity  which  a  heavy  body 
would  attain,  in  falling  through  a  vertical  space  equal 
to  half  the  vertical  fall  of  the  water,  or  in  other  words, 
with  the  velocity  due  to  half  the  fall ;  and  that  the 
orifices  through  which  the  water  is  injected  into  the 
wheel-chamber  should  be  conjointly  of  such  area  that 
when  aU  the  water  required  is  flowing  through  them. 
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it  also  may  have  a  velocity  due  to  half  the  fall.  Thus 
one-half  only  of  the  fall  is  employed  in  producing 
velocity  in  the  water ;  and,  therefore,  the  other  half 
still  remains  acting  on  the  water  within  the  wheel- 
chamher  at  the  circumference  of  the  wheel,  in  the 
condition  of  fluid  pressure.  Now,  with  the  velocity 
already  assigned  to  the  wheel,  it  is  found  that  this 
fluid  pressure  is  exactly  that  which  is  requisite  to 
overcome  the  centrifugal  force  ,  of  the  water  in  the 
wheel,  and  to  bring  the  water  to  a  state  of  rest  at 
its  exit;  the  mechanical  work  due  to  both  halves  of 
the  fall  being  transferred  to  the  wheel  during  the 
combined  action  of  the  moving  water  and  the  moving 
wheel.  In  the  foregoing  statements,  the  effects  of 
fluid  friction,  and  of  some  other  modifying  influences, 
are,  for  simplicity,  left  out  of  consideration ;  but  in 
the  practical  application  of  the  principle,  the  skill 
and  judgment  of  the  designer  must  be  exercised  in 
taking  all  such  elements,  as  far  as  possible,  into 
account.  To  aid  in  this,  some  practical  rules,  to 
which  the  author  as  yet  closely  adheres,  were  made 
out  by  him  previously  to  the  date  of  his  patent. 
These  are  to  be  found  in  the  specification  of  the 
patent,  published  in  the  Mechanics'  Magazine  for 
January  18  and  January  25,  1851  (London). 

"  In  respect  to  the  numerous  modifications  of  con- 
struction and  arrangement  which  are  admissible  in 
the  vortex,  while  the  leading  principles  of  action  are 
retained,  it  may  be  sufficient  here  merely  to  advert, — 
first,  to  the  use  of  straight  instead  of  curved  radiating 
passages  in  the  wheel  j  secondly,  to  the  employment, 
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for  simplicity,  of  invariable  entrance  orifices,  or  of 
fixed  instead  of  moveable  guide-blades ;  and  lastly,  to 
the  placing  of  the  wheel  at  any  height,  less  than  about 
thirty  feet,  above  the  water  in  the  tail-race,  combiaed 
with  the  employment  of  suction  pipes  descending 
from  the  central  discharge  orifices,  and  terminating  in 
the  water  of  the  tail-race,  so  as  to  render  available  the 
part  of  the  fall  below  the  wheel. 

"In  relation  to  the  action  of  turbines  in  general, 
the  chief  and  most  commonly  recognized  conditions, 
of  which  the  accomplishment  is  to  be  aimed  at,  are 
that  the  water  should  flow  through  the  whole  machine 
with  the  least  possible  resistance,  and  that  it  should 
enter  the  moving  wheel  without  shock,  and  be  dis- 
charged from  it  with  only  a  very  inconsiderable  velo- 
city. The  vortex  is  in  a  remarkable  degree  adapted 
for  the  fulfilment  of  these  conditions.  The  water 
moving  centripetally  (instead  of  centrifugally,  which 
is  more  usual  in  tm-bines),  enters  at  the  period  of 
its  greatest  velocity  (that  is,  just  after  passing  the 
injection  orifices)  into  the  most  rapidly  moving  part  of 
the  wheel,  the  circumference ;  and,  at  the  period  when 
it  ought  to  be  as  far  as  possible  deprived  of  velo- 
city, it  passes  away  by  the  central  part  of  the  wheel, 
the  part  which  has  the  least  motion.  Thus,  in  each 
case,  that  of  the  entrance  and  that  of  the  discharge, 
there  is  an  accordance  between  the  velocities  of  the 
moving  mechanism  and  the  proper  Velocities  of  the 
water. 

"  The  principle  of  injection  from  without  inwards, 
adopted    in    the   vortex,   affords    another  important 
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advantage  in  comparison  with  turbines  having  the  con- 
trary motion  of  the  water ;  as  it  allows  ample  room, 
in  the  space  outside  of  the  wheel,  for  large  and  well- 
formed  injection  channels,  in  which  the  water  can  be 
made  very  gradually  and  regularly  to  converge  to 
the  most  contracted  parts,  where  it  is  to  have  its 
greatest  velocity.  It  is  as  a  concomitant  also  of  the 
same  principle,  that  the  very  simple  and  advantage-^ 
ous  mode  of  regulating  the  power  of  the  wheel,  by 
the  moveable  guide-blades  already  described,  can  be 
introduced.  This  mode,  it  is  to  be  observed,  while 
giving  great  variation  to  the  areas  of  the  entrance 
orifices,  retains  at  all  times  very  suitable  forms  for 
the,  converging  water  channels. 

"Another  adaptation  in  the  vortex  is  to  be  re- 
marked as  beiag  highly  beneficial,  that,  namely, 
according  to  which,  by  the  balancing  of  the  contrary 
fluid  pressures  due  to  haK  the  head  of  water  and  to 
the  centrifugal  force  of  the  water  in  the  wheel,  com- 
bined with  the  pressure  due  to  the  ejection  of  the 
water  backwards  from  the  inner  ends  of  the  vanes 
of  the  wheel  when  they  are  curved,  only  one-haK  of 
the  work  due  to  the  fall  is  spent  in  communicating 
vis  viva  to  the  water,  to  be  afterwards  taken  from  it 
during  its  passage  through  the  wheel ;  the  remainder 
of  the  work  being  communicated  through  the  fluid 
pressure  to  the  wheel,  without  any  intermediate 
generation  of  vis  viva.  Thus  the  velocity  of  the 
water,  where  it  moves  fastest  in  the  machine,  is  kept 
comparatively  low ;  not  exceeding  that  due  to  half 
the  height  of  the  fall,  while  in  other  tm-bines  the 
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water  usually  requires  to  act  at  much  higher  velocities. 
In  many  of  them  it  attains  at  two  successive  times  the 
velocity  due  to  the  whole  fall.  The  much  smaller 
amount  of  action,  or  agitation,  with  which  the  water 
in  the  vortex  performs  its  work,  causes  a  material 
saving  of  power  by  diminishing  the  loss  necessarily 
occasioned  by  fluid  friction. 

"In  the  vortex,  further,  a  very  favourable  influence 
on  the  regularity  of  the  motion  proceeds  from  the 
centrifugal  force  of  the  water,  which,  on  any  increase 
of  the  velocity  of  the  wheel,  increases,  and  so  checks 
the  water  supply ;  and  on  any  diminution  of  the 
velocity  of  the  wheel,  diminishes,  and  so  admits  the 
water  more  freely ;  thus  counteracting,  in  a  great 
degree,  the  irregularities  of  speed  arising  from  varia- 
tions in  the  work  to  be  performed.  When  the  work 
is  subject  to  great  variations,  as  for  instance  in  saw- 
mills, in  bleaching  works,  or  in  forges,  great  incon- 
venience often  arises  with  the  ordinary  bucket  water- 
wheels  and  with  turbines  which  discharge  at  the 
circumference,  from  their  running  too  quickly  when 
any  considerable  diminution  occurs  in  the  resistance 
to  their  motion. 

"  The  first  vortex  which  was  constructed  on  the 
large  scale  was  made  in  Glasgow,  to  drive  a  new 
beetling-mill  of  Messrs.  C.  Hunter  and  Co.,  of 
Dunadry,  in  County  Antrim.  It  was  the  only  one  in 
action  at  the  time  of  the  meeting  of  the  British 
Association  in  Belfast ;  but  the  two  which  have  been 
particularly  described  in  the  present  article,  and  one 
for  an  unusually  high  fall,  100  feet,  have  since  been 
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completed  and  brought  into  operation.  There  are 
also  several  others  in  progress ;  of  which  it  may  be 
sufficient  to  particularize  one  of  great  dimensions  and 
power,  for  a  new  flax-mill  at  Ballyshannon  in  the 
West  of  Ireland.  It  is  calculated  for  working  at  150 
horse-power,  on  a  fall  of  14  feet,  and  it  is  to  be 
impelled  by  the  water  of  the  River  Erne.  This  great 
river  has  an  ample  reservoir  in  the  Lough  of  the 
same  name ;  so  that  the  water  of  wet  weather  is  long 
retained,  and  continues  to  supply  the  river  abund- 
antly even  in  the  dryest  weather.  The  lake  has  also 
the  effect  of  causing  the  floods  to  be  of  long  duration, 
and  the  vortex  will  consequently  be,  through  a  con- 
siderable part  of  the  year,  and  for  long  periods  at 
a  time,  deeply  submerged  under  backwater.  The 
water  of  the  tailTrace  will  frequently  be  seven  feet 
above  its  ordinary  summer  level ;  but  as  the  water  of 
the  head-race  will  also  rise  to  such  a  height'  as  to 
maintain  a  sufficient  difference  of  levels,  the  action  of 
the  wheel  will  not  be  deranged  or  impeded  by  the 
floods.  These  circumstances  have  had  a  material 
influence  in  leading  to  the  adoption  in  the  present 
case  of  this  new  wheel  in  preference  to  the  old  breast 
or  undershot  wheels." 

The  next  tables  have  been  arranged  by  us  from 
Mr.  Francis'  valuable  experiments.  They  show  the 
ratio  of  the  effect  to  the  power  in  two  wheels,  the  first 
a  centre-vent  wheel,  erected  at  the  Boott  Cotton  Mills, 
and  the  second  a  turbine,  erected  at  the  Tremont  Mills, 
Lowell,  Massachusetts. 

The  maximum  ^effect  '794  was  obtained  from  the 
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Tremont  turbine  experiments,  when  the  velocity  of 
the  interior  circumference  of  the  wheel  was  to  that 
due  to  the  whole  fall  as  '63  to  1 ;  and  an  effect  of  78 
per  cent,  was  obtained  when  these  velocities  were  as 
'51  to  1.  In  the  Boott  centre-vent  wheel  the  maxi- 
mum effect  '797  was  obtained  when  the  velocity  of 
the  exterior  circumference  was  to  that  due  to  the  fall 
as  '64  to  1;  and  a  like  effect  was  produced  when 
this  ratio  was  "708  to  1.  Indeed,  between  these 
ratios  the  useful  effect  was  nearly  the  same ;  an 
effect  of  '78  to  "79  was  obtained  for  all  such  ratios 
between  limits  of  "59  and  *71  to  1,  averaging  a  ratio 
of  '65  to  1.  If  a  turbine  have  a  variable  fall,  say 
from  2  to  1,  and  be  of  sufficient  capacity  to  give 
the  required  power  always,  the  dimensions  should 
be  determined  jfrom  the  lesser  fall,  and  if  correctly 
so  determined,  it  will  not  have  sufficient  velocity 
for  the  greater  fall.  When  the  fall  is  greatest  the 
■  quantity  in  the  same  place  is  generally  least,  giving 
thereby  a  lessened  effect  when  most  is  required. 
For  such  cases  two  turbines  may  be  used  with 
advantage. 


TASLJS  showing  the  JRemlts  of  ^xperments  upon  a  Model  of  a  Cenire-vent  Water 
Wheel,  cmd  aUo  upon  a  Centre-vent  Water  Wheel  at  the  SooU  Cotton  Mills,  JLowellt 
Maaaachusetts,  (arranged  from  Mr.  Frarnds^  valuable  JBxperiffnenis.  Diameter  of 
Wheel  to  the  outside  of  the  SucJcetSf  about  9*3  feet.  Depths  qf  JSxtemal  Qmae 
Cwrvea  about  '75  foot.  External  height  qf  Wheel  about  1'5  feet.  NwtrA&r  of 
Suekets,  40.  Mewti  h^ht  of  the  or^ees  between  the  Otddes,  1  foot.  Diameter  qf 
Supply  Pipe,  8  feet.  The  first  Seven  Experiments  were  -made  on  a  Model,  the  Ex- 
terior Diameter  of  the  Wheel  being  22g  inches.  Interior  Diameter  19i  inches,  height 
between  the  Crowns  2^1  vnehes,  omd  the  nivtnber  of  Buckets  36.  The  Cons^niction  of 
the  Wheel  is  shown  %n  Mr,  Frauds^  Book,  amd  all  necessa/ry  Details.  The  general 
prmoiple  of  the  Centre-vent  Wheel  of  Fronds'  and  Thomson^s  Vortex  Wheel  appea/rs 
to  be  the  same ;  the  Ghdde  Blades  bdng  fewer  in  the  latter,  and  capable  of  adjugt- 
ment. 
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18-78 

1-576 

90-17 

77480-4 

69 

965-6 

•682 

29-77 

20-37 

22 

13-61 

1-694 

91-70 

■77812-1 

60 

1140-9 

•696 

29-68 

17-54 

23 

13-94 

1-418 

77-11 

67076-7      1 

18 

29-9 

34-61 

24 

13-62 

1-642 

96-76 

80V86-3       1 

06 

263-0 

•246 

29-49 

32-44 

25 

13-37 

1-673 

98-49 

82145-2 

99 

631-8 

•437 

29-33 

29-14 

26 

13-37 

1-695 

100-42 

83728-2 

90 

786-8 

■576 

29-32 

26-43 

27 

13-40 

1-718 

102-42 

85571-4 

82 

1001-5 

•657 

29-36 

24-20 

28 

13-38 

1-723 

102-82 

85800-0 

79 

1107-4 

•690 

29-34 

23-07 

29 

13-34 

1-731 

108-62 

86138-0 

75 

1206-0 

•710 

29-30 

21-89 

30 

13-32 

1-734 

103-77 

86218-8 

79 

1269-2 

•720 

29-27 

21-26 

31 

13-33 

1-733 

103-70 

86229-8 

71 

1297-3 

•728 

29-29 

20-86 

32 

13-30 

1-739 

104-23 

86483-7 

70 

1329-8 

•731 

29-26 

20-60 

33 

13-70 

1-598 

92-02 

78648-0       1 

25 

29-70 

36-78 

34 

13-40 

1-832 

112-62 

94067-6 

71 

1664-2 

•797 

29-36 

20-81 

35 

13-43 

1-837 

112-99 

94662-2 

70 

1584-0 

•796 

29-39 

20.-61 

86 

13-33 

1-832 

112-66 

93603-9 

68 

1613-9 

•797 

29-28 

19-93 

87 

13-38 

1-837 

113-00 

94296-4 

67 

1644-4 

•797 

29^33 

>19-71 

88 

13-39 

1-888 

113-07 

94415-2 

66 

1676-1 

•796 

29^34 

19-36 

39 

13-38 

1-839 

118-16 

94471-1 

65 

1706-6 

•796 

29^34 

19-03 

40 

13-36 

1-838 

113-09 

94219-0 

64 

1736-9 

•797 

29^31 

18^67 

41 

13-38 

1-844 

11367 

94881-9 

62 

1768-4 

•791 

29  34 

18  ^32 

42 

13-40 

1-861 

114-29 

96571-2 

61 

1802-1 

•787 

29^36 

18  •CO 

43 

18-32 

1-848 

113-97 

94703-1 

59 

1836-2 

•781 

29-27 

17  •38 

44 

18-64 

1-809 

110-45 

93270-1 

. 

3166-3 

29-61 

45 

18-67 

1-807 

110-32 

93422-4 

2793-3 

29-56 

■•     m 

46 

13-60 

1-688 

99-79 

84636-0       1 

29 

29-67 

ST70 

"r  '^  »*<"""'?  **e  Xemlit  of  BmerimmU  mion  the  TurUne  at  Tremmt  Mills, 
IjtMBellj  MassachuaettSf  arranffed  Jrom  3fr.  M'antni'  vahiahle  Experiments.  J>ia- 
mter,  measwrei  to  the  Hxtenar  Cirewmfermee  of  Crowns  of  the  Wheel,  8-333  feet. 
Setffht  of  Buckets  from  top  qf  t^e  IHsc  to  the  bottom  (fthe  Garnitme,  -W  feet. 
.Number  of  Buckets,  44.  Width  cf  the  Buckets,  S  foot  nearly.  Width  of  Chiide 
Curves,  2'3  feet  neaHy.  Number  ^ Ditto,  33.  A  Bauble  Weir  with  4  end  construc- 
tions, and  16-9S  feet  long,  used  for  gauging  the  Water,  the  Crest  being  6  -5 /erf  above 
thefioor  of  the  Wheel  Pit.  The  Falls  shorn  the  difference  of  heads  ik  the  Forebay  and 
Wheel  Bit.  For  further  details,  see  FramiAs^  Lowell  Hydraulic  Experiments,  pp. 
1  to  43.     The  supply  pipe  is  fully  a  padroni,  and  varies  from  6  to  9  feet  in  diameter. 


NombersoftheEx- 
perimentB. 

Falls  acting  on  the 
■Wheel. 

obon 

if 

■S-sS 

•sle 
l|i 

is 

ii 

h 

if 
ii 
If 
1% 

lit 

III 

Hi' 

1           2 

3 

4 

5 

6 

7 

8 

9 

10 

1     12-864 

1-88 

139-42 

111870-0 

-894 

1443^34 

-784 

28-76 

18-95 

2     12-869 

1-88 

139-47 

111961-2 

-894 

1443  ^34 

-784 

28-77 

18-96 

S      12-611 

2-02 

154-40 

121444-2 

1-632 

411^48 

-363 

28-48 

32-49 

4      12  696 

1-97 

149-46 

118363-6 

1-382 

638-36 

-507 

28-58 

29-32 

S,     12-777 

1-94 

146-02 

116373-2 

1-245 

854-87 

■622 

28-67 

26-40 

6      12-819 

1-92 

143-91 

116067-3 

1-125 

1057-49 

■703 

28-71 

23-86 

7      12-856 

1-91 

142-52 

114284-2 

1-067 

1156  27 

■735 

28  76 

2-2-63 

8      12-888 

1-90 

142-04 

114187  1 

1-024 

1229-41 

■750 

28-79 

21-71 

9      12-896 

1-90 

141-28 

113640-9 

■970 

1319-22 

■766 

28-80 

20-67 

10      12-883 

1-89 

140-08 

112668-7 

-923 

1397-12 

■779 

28-79 

19-57 

11      12-899 

1-88 

139-90 

112563-3 

■902 

1433-43 

■781 

28-80 

19-18 

12      12-905 

1-88 

139-01 

111893-6 

-892 

1464-24 

•789 

28-81 

18-92 

13     12-899 

1-88 

139-03 

111869-4 

-885 

1464-80 

■788 

28-80 

18-77 

14      12-902 

1-87 

138'85 

111740-3 

-880 

1474-37 

■790 

28-81 

18-66 

15      12-906 

1-87 

138-61 

111504-9 

-866 

1498'66 

■792 

28-81 

18-37 

16      12-915 

1-87 

138-27 

111384-0 

-836 

1662^44 

■794 

28-82 

17^73 

17     12-934 

1-87 

138-23 

111521-1 

•813 

1597  ■08 

■792 

28-84 

17^25 

18      12-939 

1-86 

137-71 

111139-7 

-742 

1724^49 

■78:i 

28-86 

15-74 

19      12-940 

1-84 

136-14 

109077-1 

•646 

1911-46 

■770 

28-86 

13-69 

20      12-963 

1-84 

135-34 

109433-4 

•647 

1911-45 

■769 

28-88 

13-72 

21      12-977 

1-83 

133-75 

108266-8 

■632 

2167-38 

■725 

28-89 

11-29 

22      12-948 

1-82 

133-43 

107764-7 

•464 

2367-88 

■679 

28-86 

9-63 

23      12-964 

1-87 

138-62 

112009-3 

-832 

1565-21 

■791 

28-86 

17-64 

24      12-932 

1-87 

138-50 

111720-6 

■817 

1590-50 

■791 

.28-84 

17-32 

25      12-951 

1-87 

138-37 

111777-2 

■789 

1641-34 

■788 

28-86 

16-74 

26      12-758 

1-92 

143-33 

114060-7 

1-488 

390-95 

■346 

28  65 

31-45 

27      12-909 

1-86 

137-76 

110917-6 

1-142 

963-30 

■675 

28-82 

24-21 

28      12-960 

1-86 

137-00 

110664-7 

1-026 

1150-77 

■725 

28-86 

21-73 

29      12-965 

1-84 

135-10 

109262-2 

■930 

1293-63 

■760 

28-88 

19-74 

30      12-999 

1-82 

133-30 

108082-5 

■865 

1396  11 

■760 

28-92 

18-35 

31      13-026 

1-81 

131-99 

107246-3 

•844 

1494-68 

■763 

28-96 

17-05 

32      13-028 

1-80 

130-89 

106366-6 

-708 

1666-98 

■760 

28.96 

16-01 

33      13-077 

1-68 

118-55 

96699-5 

1-361 

316-03 

■300 

29-00 

28-66 

34      13-134 

1-66 

116-10 

95112-0 

1-219 

619-69 

■463 

29-06 

25-84 

35      13-216 

1-63 

113-24 

93346-0 

1-004 

832-26 

■609 

29-15 

21-28 

36     18-282 

1-69 

109-71 

90893-3 

-843 

1033-30 

■652 

29-23 

17-88 

37      13-310 

1-58 

107-95 

89620-7 

■776 

1116-02 

■666 

29-26 

16-44 

38      13-362 

1-54 

103-85 

86656-6 

■616 

1277-98 

■619 

29-32 

13-06 

39     12-883 

1-86 

137-36 

110380-8 

■856 

1482-66 

■781 

28-79 

18-12 

40     12-896 

1-86 

136-97 

110176-6 

■822 

1644-87 

■784 

28-80 

17-42 

41     12-912 

1-85 

136-65 

109973-0 

■789 

1604-85 

■783 

28-82 

16-73 

42      13-369 

1-27 

78-84 

66746-8 

1^146 

118-69 

■141 

29-32 

24-30 

43     13-395 

1-25 

76-62 

64018-1 

■960 

825-39 

■332 

29-35 

20-36 

44     13-435 

1-22 

74-06 

62062-0 

■772 

619-86 

■440 

29-40 

16-37 

45      13-478 

1-19 

71-87 

60424-6 

■672 

612-22 

■463 

29-44 

14-26 

46      13-613 

1-17 

70-01 

59006-4 

■560 

704-44 

■465 

29-48 

11-87 

47     13-659 

1-11 

64-60 

64554-9 

■300 

882-02 

•330 

29-53 

6-36 

48      13-985 

-78 

38-22 

33340-8 

■620 

118-69 

•150 

29-99 

13-14 

49     14-001 

-78 

38-57 

33683-6 

■689 

73-14 

•102 

30-01 

14-61 

60      14-020 

-76 

37-17 

82608-0 

■388 

296-39 

•240 

30-03 

8-22 

430 


THE  BISCHAUGB  OF  WATER  FROM 


TAS'LEfoT  Thtriines  ofdiff&fent  Diametergf  modified frma  FranciSf  operating  with  different 
Falls;  assuming  ihe  ztseful  effect  is  seventy-fioe  per  cent,  of  the  power  expended^  that  the. 
Velocity  of  the  Interior  Cvrewmferenceisjifty-sixpercent.  of  the  Velocity  due  to  the  Fall, 
om.d  that  also  the  Seight  between  the  Crowns  is  one-tenth  of  the  Outside  ^Diameter, 


1 

OutBide  diameter  2    ft. 
Inside         „       1-56  „ 
Number  of  tuckets  36. 

Outside  diameter  3    ft 
Inside           „        2  38 , 
Number  ofbuckets  39. 

Outside  diameter  4    ft 
Inside          „        3  24 , 
Number  of  buckets  42. 

Outside  diameter  5    ft. 
Inside          „       411-  „ 
Number  ofbuckets  45. 

1 

i 

U 

p 

pi 

w 

Pt 

& 

1 

III 

f 

i 

o 

Pi 

1- 

If 
•sa 

1 

o 

1; 

5 

4-5 

1-9 

123 

10-1 

4-3 

80 

17-88 

7-6 

59 

27-9 

11-9 

47 

6 

4-9 

2-5 

135 

11-0 

5-6 

88 

19-6 

10-0 

65 

30-6 

15-6 

51 

7 

5-3 

3-1 

146 

11-9 

7-1 

95 

21-17 

12-6 

70 

33-1 

19-7 

55 

8 

5-7 

3-8 

156 

12-7 

8-7 

102 

22-63 

15-4 

75 

35-3 

24-0 

59 

9 

6-0 

4'6 

165 

13-5 

10-3 

108 

24-00 

18-4 

79 

37-5 

28-7 

6? 

10 

6-3 

5'4 

174 

14-2 

12-1 

114 

25-30 

21-5 

84 

39-5 

33-6 

66 

11 

6-6 

6-2 

183 

14-9 

13-9 

119 

26-53 

24-8 

88 

41-5 

38-8 

69 

12 

6-9 

7-1 

191 

15-6 

15-9 

125 

27-71 

28-3 

92 

43-3 

44-2 

72 

13 

7-2 

8'0 

199 

16-2 

17-9 

130 

28-84 

31-9 

95 

45-1 

49-8 

75 

14 

7-5 

8 '9 

206 

16-8 

20-0 

135 

29-93 

35-6 

99 

46-8 

55-7 

78 

15 

7-7 

9-9 

213 

17-4 

22-2 

139 

30-98 

39-5 

103 

48-4 

61-7 

81 

16 

8-0 

10-9 

220 

18-0 

24-5 

144 

32-00 

43-5 

106 

50-0 

68-0 

83 

17 

8-2 

11-9 

227 

18-5 

26-8 

148 

32-99 

47-7 

109 

51-6 

74-5 

86 

18 

8-5 

13-0 

234 

19-1 

29-2 

153 

33-94 

51-9 

112 

53-0 

81-1 

88 

19 

8 '7 

14-1 

240 

19-6 

31-7 

157 

34-87 

56-3 

115 

64-5 

88-0 

91 

20 

8-9 

15-2 

247 

20-1 

34-2 

161 

35-78 

60-8 

118 

55-9 

95-0 

93 

21 

9-2 

16-4 

253 

20-6 

36-8 

165 

36-66 

65-4 

121 

57-3 

102-2 

96 

22 

9-4 

17-5 

259 

21-1 

39-5 

169 

37-52 

70-2 

124 

58-6 

109-6 

98- 

23 

9-6 

18-7 

264 

21-6 

42-2 

172 

38-37 

75-0 

127 

59-9 

117-2 

100 

24 

9-8 

20-0 

270 

22-0 

45-0 

176 

39-19 

79-9 

130 

61-2 

124-9 

102 

25 

10  0 

21-2 

276 

22-5 

47-8 

180 

40-00 

85-0 

132 

62-5 

132-8 

104 

26 

10-2 

22-5 

281 

22-9 

50-7 

183 

40-79 

90-1 

135 

63-7 

140-9 

106 

27 

10-4 

23-8 

286 

23-4 

53-7 

187 

41-57 

95-4 

138 

65-0 

149-1 

108 

28 

10-6 

25-2 

292 

23-8 

56-7 

190 

42-33 

100-7 

140 

66-1 

157-4 

110 

29 

10-8 

26-5 

297 

24-2 

59-7 

194 

43-08 

106-2 

143 

67-3 

165-9 

112 

30 

10-9 

27-9 

302 

24-6 

62-8 

197 

43-82 

111-7 

145 

68-5 

174-6 

114 

31 

11-1 

29-3 

307 

25-0 

66-0 

200 

44-64 

117-4 

147 

69-6 

183-4 

116 

32 

11-3 

30-8 

312 

25-5 

69-2 

203 

45-25 

123-1 

150 

70-7 

192-3 

118 

33 

11-5 

32-2 

317 

25 '8 

72-5 

207 

45-96 

128-9 

152 

71-8 

201-4 

120 

34 

11-7 

33-7 

321 

26-2 

75-8 

210 

46-65 

134-8 

154 

72-9 

210-6 

122 

35 

11-8 

35-2 

326 

26-6 

79-2 

213 

47-33 

140-8 

157 

73-9 

220-0 

123 

36 

12-0 

36-7 

331 

27-0 

82-6 

216 

48-00 

146-9 

159 

75-0 

229-5 

125 

37 

12-2 

38-3 

335 

27-4 

86-1 

219 

48-66 

153-0 

161 

76-0 

239-1 

127 

38 

12-3 

39-8 

340 

27-7 

89-6 

922 

49-32 

159-3 

163 

77:0 

248-9 

129 

39 

12-5 

41-4 

344 

28-1 

93-2 

225 

49-96 

165-6 

165 

78-1 

258-8 

130 

40 

12-6 

43-0 

349 

28-5 

96-8 

227 

50-60 

172-0 

167 

79-1 

268-8 

182 

ORIFICES,    WEIRS,   PIPES,   AND  RIVERS, 


431 


TABLE  of  Turhines  cf  different  Diameters,  mod^ed  from  Francis,  qperafvng  toith  different 
JFallsj  assuming  the  useful  effect  is  seventy  five  per  cent,  of  the  power  expended^  that  the 
Velod,ty  of  the  Interior  Circumference  isffty-sixper  cent,  of  the  Velocity  due  to  the  Fall. 
and  that  also  the  Seight  between  the  Crowns  is  one-tenth  of  the  Outside  Via/meter. 


Outside  diameter  G    ft. 
Inside  „        5     „ 

Number  of  buckets  48. 


Outside  diameter  7    ft. 
Inside  „        5*90  „ 

Number  of  buckets  51. 


Ill 


Outside  diameter  8.   ft. 
Inside  ;,        6*81  ,S 

Number  of  buckets  54. 


f.a 


Is 


^ 


Outside  diameter  10  ft. 
Inside  ,.        S-67,, 

Number  of  buckets  60. 


S.S 


III 


i^ 


5 

40-2 

6 

44-1 

7 

47-6 

8 

50-9 

9 

54-0 

10 

56-9 

11 

59-7 

12 

62-4 

13 

64-9 

14 

67-3 

15 

69-7 

16 

72-0 

17 

74-2 

18 

76-4 

19 

78-5 

20 

80-5 

21 

82-5 

22 

84-4 

23 

86-3 

24 

88-2 

25 

90-0 

26 

91-8 

27 

93-5 

28 

95-2 

29 

Q6-Q 

30 

98-6 

31 

100-2 

32 

101-8 

33 

103-4 

34 

105-0 

35 

106-5 

36 

108-0 

37 

109-5 

3R 

lU-O 

39 

112-4 

40 

113-8 

17-1 
22-5 
28-3 
34-6 
41-3 
48-4 
55-8 
63 
71-7 
80-1 
88-9 
97-9 
107-2 
116-8 
126-7 
136-8 
147-2 
157-9 
168-8 
179-9 
191-2 
202 
214-6 
226-7 
238-9 
251-4 
264-1 
277-0 
290-0 
303-3 
316-8 
330-5 
344-3 
358-4 
372-6 
387-1 


38 
42 
45 
48 
51 
54 
57 
59 
62 
64 
66 
69 
71 
73 
75 
77 
79 
80 
82 


87 

89 

91 

92 

94 

95 

97 

98 

100 

101 

103 

104 

106 

107 

108 


54-8 

60-0 

64-8 

69-3 

73-5 

77-5 

81-3 

84-9 

88-3 

91-7 

94-9 

98-0 

101-0 

103-9 

106-8 

109-6 

112-3 

114-9 

117-5 

120-0 

122-5 

124-9 

127-3 

129-6 

131-9 

134-2 

136-4 

138-6 

140-7 

142-9 

144:9 

147-0 

.149-0 

151-0 

■153-0 

154-9 


23-3 

30 

38-6 

47-1 

56-2 

65-9 

76-0 

86-6 

97-6 

109-1 

121-0 

133-3 

146-0 

159-0 

172-5 

186-3 

200-4 

214-9 

229-7 

244-8 

260-3 

276-1 

292-2 

308-5 

325-2 

342-2 

359-4 

377-0 

394-8 

412-9 

431-2 

449-8 

468-7 

487-8 

507-2 

526-8 


32-5 

85-6 

38-4 

41-1 

43-6 

46-0 

48-2 

50-3 

52-4 

54-4 

56-3 

58-1 

59-9 

61-7 

63-3 

65-0 

66-6 

68-2 

69-7 

71-2 

72-7 

74-1 

75-5 

76-9 

78-3 

79-6 

80-9 

82-2 

83-5 

84-7 

86-0 

87-2 

88-4 

89-6 

90-8 

91-9 


71-5 
78-4 
84-7 
90-5 
96-0 
101-2 
106-1 
110-8 
115-4 
119-7 
123-9 
128-0 
131-9 
135-8 
139-5 
143-1 
146 -e 
150-1 
153-5 
156-8 
160-0 
163-2 
166-3 
169-3 
172-3 
175-3 
178-2 
181-0 
183-8 
186-6 
189-3 


30-4 
40-0 
50-4 
61-5 
73 
86-0 
99-2 
113  1 
127-5 
142-5 
158-0 
174-1 
190-6 
207-7 
225-3 
243-3 
261-7 
280-7 
300-0 
319-8 
340-0 
360-6 
381-6 
403-0 
424-8 
446-9 
469-5 
492-4 
515-6 
539-2 
563-2 


194-6 
197-3 
•199-8 
202-4 


192-0587-5 


612-2 
637-1 
662-5 
688-1 


28-1 
30-8 
33-3 
35-6 
37-8 
39-8 
41-7 
43-6 
45-4 
47-1 
48-7 
50-3 
51-9 
53-4 
54-9 
56-3 
57-7 
59-0 
60-4 
61-7 
62-9 
64-2 
■4 
■6 
67-8 
68-9 
70-1 
71-2 
72-3 
73-4 
74-5 
75-5 
76-6 
77-6 
78-6 
79-6 


111-8 

47-5 

22-1 

122-5 

62-5 

24-2 

132-3 

78-7 

26-2 

141-4 

96-2 

28-0 

150-0 

114-7 

29-7 

158-1 

134-4 

31-3 

165-8 

155-0 

32-8 

173-2 

176-7 

34-3 

180-3 

199-2 

35-7 

187-1 

222-6 

37-0 

193-6 

246-9 

38-3 

200-0 

272-0 

39-6 

206-2 

297-9 

40-8 

212-1 

324-6 

42-0 

217-9 

352-0 

43-1 

223-6 

380-1 

44-3 

229-1 

409-0 

45-4 

234-5 

438-5 

46-4 

239-8 

468-8 

47-5 

244-9 

499-7 

48-5 

250-0 

531-2 

49-5 

254-9 

563-4 

50-5 

259-8 

596-3 

51-4 

264-6 

629-7 

52-4 

269-3 

663-7 

53-3 

273-9 

698-3 

54-2 

278-4 

733-5 

55-1 

282-8 

769-3 

56-0 

287-2 

805-7 

56-9 

291-5 

842-6 

57-7 

295-8 

880-0 

58-5 

300-0 

918-0 

59-4 

304-1 

956-5 

60-2 

308-2 

995-5 

61-0 

312-2 

1035-1 

61-8 

316-2 

1075-2 

62-6 

432  THE  mSQSARQE  OP  WATER  FROM 

The  hydeaulic  eam  has  been  applied  with  advantage 
in  raising  water  to  a  considerable  height  by  the 
momentum  of  a  larger  quantity  at  a  lower  level.  The 
shock  of  the  valves,  and  vibration  of  the  machine, 
require  heavy  and  strong  setting,  and  considerable 
strength  in  all  the  parts.  This  limits  its  application, 
and  prevents  its  use  for  raising  large  quantities  of 
water.  The  work  done  by  the  ram,  in  over  one 
thousand  experiments  by  Eytelwein,  did  not  exceed  in 
any  of  them  1480  lbs.  raised '  one  foot  in  one  minute ; 
and  in  France,  the  ram  put  up  by  the  younger  Mont- 
golfier,  said  to  be  the  largest  constructed,  raised  only 
7400  lbs.  one  foot  high  per  minute,  and  had  a  useful 
effect,  it  is  reported,  of  "65.  This  ram  was  put  up 
at  Mello,  near  Clermont-sm--Oise.  Its  dimensions 
were — 

Length  of  the  body  pipe  or  injection  pipe .        .     108  feet. 

Diameter 4  "3  inches. 

"Weight  of  hody  pipe 3190  lbs. 

"Weight  of  head 440  lbs. 

Contents  of  air-chamher li  gallons. 

This  ram  worked  under  a  head  of  37  feet,  discharging 
in  use  Slj  gallons  each  minute,  and  raising  3"85 
gallons  a  height  of  195  feet. 

The  largest  ram  employed  by  Eytelwein  in  his  ex- 
periments had  the  following  dimensions —  ■ 

Length  of  the  body  pipe  or  injection  pipe .  43  feet  9  inches. 

Diameter  of  ditto 0  feet  2J  inches. 

Contents  of  air-chamber   .  '      .         .         .       1  '94  gallons. 
Area  of  tail  or  escape  valve  .         .         .     .       3  "74  square  inches. 
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and  his  experiments  led  to  the  following  practical  for- 
mula by  D'Aubuisson — 

d  h'  /p 

51  =  1-42  -  -28  V;^  : 

m  which  d  is  the  water  used  per  minute  in  gallons,  d 
the  quantity  raised  in  gallons,  h  the  head  used,  and  h' 
the  lift  of  the  quantity  d.  By  a  slight  reduction  we 
get 


dh'  =  1-42  d(Ji  -  -28  \/  h  h') 
for  the  effect  produced,  which  is  reduced  nearly  one- 
sixth  for  practical  application,  giving  the  formula 

dh'  =  1-2  D  (/j  -  -2  VTX') 
for  the  work  done. 

ESPBEIMENTAL  RESULTS — HYDRAULIC  EAM. 


ll 

!25 

Height 

in  feet  of 

Ratio  of 
heights. 

Gallons  of  water 
per  minute. 

Ratio 

dh' 

Ratios 
JD 
d 

Fall 
h 

Elevation 

V 

Ex- 
pended 
D 

Raised 

Experi- 
ments. 

For- 
mula. 

Ft.    In. 

Ft. 

In. 

66 

10'    0" 

26' 

4" 

2-63 

10-65 

3-39 

•9 

•97 

2-92 

54 

10     2 

32 

4 

3-18 

13-97 

3-83 

-873 

-92 

3-67 

50 

9  11 

38 

8 

3-9 

12-01 

2-622 

•85 

-87 

4-58 

52 

8     0 

32 

4 

4- 

8-16 

1-687 

■847 

•85 

4-72 

45 

8     9 

38 

8 

4-4 

10-85 

2-09 

-845 

-84 

5-2 

42 

7    5 

38 

8 

5-21 

9-92 

1-5 

•787 

•78 

6-62 

36 

6    0 

38 

8 

6-5 

8-89 

1-05 

•754 

•71 

8-62 

26 

4    6i 

32 

4 

7-2 

5-23 

•495 

-672 

■67 

10-7 

31 

5    0 

38 

7 

7-7 

8-05 

-704 

-667 

•65: 

11-54 

23 

4    1 

38 

8 

9-47 

11-11 

-649 

•548 

•56 

17-2 

17 

3    0 

32 

2 

10-7 

10-8 

-479 

•473 

-51 

22-6 

15 

3    3 

38 

8 

11-9 

12-34 

-363 

•352 

-45 

33-8 

14 

2    6 

38 

8 

15-5 

11-95 

•22 

•284 

-32 

54-6 

10 

1  llj 

38 

8 

19-3 

9-81 

•088 

•181 

-18 

106-6 

Eytelwein  recommends,  that  the  length  of  the  body- 
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pipe  should  not  be  less  than  three-fourths  of  the  height 
to  which  the  water  is  to  be  raised ;  its  diameter  in 
inches  equal  '58  V  d  ;  the  diameter  of  the  rising  pipe 
■3  V  D  ;  and  the  contents  of  the  air-chamber  equal  to 
that  of  the  rising  pipe.  If  d  be  in  cube  feet,  then 
diameter,  in  inches,  of  the  body-pipe  may  be  taken 
=  1*5  \/~D,  and  that  of  the  rising  pipe  =  '75  V  d. 

The  following  table  gives  the  result  of  experiments 
made  by  Montgolfier  and  his  son : — 

TABLE  OP  EXPBKIMENTAL  P.ESULTS — ^HYDRAULIC  BAM. 


Height. 

Water  per  Minute. 

Mean 

dh' 

Eatio 

Bh 

dh! 

FaU 

Elevation 

Expended 

Delivered 

Dh 

h 

h, 

D 

a 

Ft.      In. 

Ft.    In. 

Gallons. 

Gallons. 

8'      6" 

52'    8" 

15 

1-37 

•57 

37       2 

195     0 

31 

3-85 

•653 

34       9 

111  11 

■   18-5 

3-74 

■661 

•65 

3      3 

14  11 

437 

59-18 

•629 

22     10 

196  10 

2-'86 

0-22 

•671 

In  several  experiments  made  by  the  author  in  1866, 
for  the  Directors  of  the  Midland  Great  "Western  Eail- 
way,  Ireland,  on  two  rams  at  work  at  the  Broadstone 
Terminus,  Dublin,  where  the  hfts  varied  from  22  to 
24  feet,  the  ratio  of  the  effect  to  the  power  varied  from 
•4  to  "84 ;  the  latter  effect  having  been  got  with  a  fall 
of  8  feet,  a  lift  of  22  feet,  and  95  beats  in  a  minute. 
An  effect  of  •395  was  got  with  a  fall  of  14  feet,  a  lift  of 
24  feet,  and  45  beats  in  a  minute. 

Latterly,  the  Messrs.  Easton  and  Amos  have  patented 
improvements  in  this  machine,  and  have  raised  water 
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to  a  height  of  330  feet.  The  injection  pipe  is  laid  by 
them  at  an  inclination  of  about  one  in  four  for  high  falls, 
and  varies  down  to  one  in  eighteen  for  smaller  falls. 
The  quantities  raised  in  their  practice  vary  up  to  six 
gallons  per  minute. 

Watee-pressuee  engines  give  a  useful  effect,  vary- 
ing up  to  70  per  cent,  for  the  best  constructed.  An 
immense  amount  of  mechanical  sMU  and  invention  has 
been  brought  to  bear  on  their  construction,  and  in 
Weisbach's  book*  a  useful  effect  of  88  per  cent,  has 
been  calculated;  this  is,  however,  a  result  seldom 
obtained  in  practice,  where  two-thirds,  or  66  per  cent., 
is  nearer  to  the  general  efficiency.  Jordan  got  a 
maximimi  efficiency  of  "66  from  one  of  the  Clausthal 
engines,  making  fom'  strokes  per  minute,  and  '71 
making  three  strokes  per  minute.  These  results  were 
for  the  combined  engiae  and  pumps,  from  which  it  was 
calculated  that  the  efficiency  of  the  engine  alone  was, 
in  the  first  case  "SB,  and  in  the  second  "85.  It 
would  be  a  great  mistake  to  calculate  on  such  high 
efficiencies. 

CoEN  MILLS  will  grind  about  a  bushel  of  com  per 
horse-power  per  hour,  but  much  depends  on  the  state 
of  the  stones  and  of  the  grain.  The  value  of  the 
work  done  in  an  hour  being  once  known,  the  value 
of  the  standard  horse-power  can  be  determined 
accordingly. 

*  Vol.  ii.,  p.  342. 
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•  TABLM  I. — Co^cients  of  ■  Disckaff-ge  from  Sguwre  a 
Seoia/ngvilarljateral  Orifices  m  thm  Vertical  jPlatea, 
I/eabro8, 


<md    Mfferentl^  w'oportioned 
"  vm  Poncelet  tmd 


AS-3 

Square  orifice    | 

Rectangular    1 

Eectaajgular    ( 

«    S 

8"  X 

8". 

orifice  8' 

X  4". 

orifice  8' 

X  2".'\ 

Ills 

«     «      Ratio  of  the  sides' lEatio  of  tlie  sides  |  Ratio  of  the  sidesi 

03        -rt 

53  4^:3 

Itol.           1 

2  to  1.          1 

4  to  1.         1 

rt^ 

s 

a 

as) 

P  _  ?3jd 

0+3 

a       a 

o-*i 

o      o 

<D+s 

■D      d 

[en,da  of 

sured  tc 

dea  of  tl 

EngUs 

i  t 

1^    s 

HI 

l| 

■3   S 

•^  '^ 

III 

g  s 

w     -s                    " 

as 

w 

w| 

H    ^ 

MB 

w  -^ 

o-ooO 

•619 

-667 

■713 

0-197 

•025 

-597 

-630 

■668 

0-394 

-050 

-595 

-618 

•607 

•642 

0-591 

•075 

-594 

•593 

•615 

•612 

■639 

0-787 

-100 

-572 

•594 

•596 

•614 

•615 

■638 

1-181 

•150 

-578 

■593 

•600 

•613 

•620 

■637 

1-575 

•200 

-582 

■593* 

•603 

•612 

•623 

'636 

1-969 

•250 

-585 

■593 

-605 

•612* 

•625 

•636 

2-362 

•300 

•587 

■594 

-607 

•613 

•627 

•635 

2-756 

■350 

-588 

■594 

-609 

•613 

•628 

■635 

3-150 

•400 

-689 

■594 

-610 

•613 

•629 

-635 

3-545 

•450 

-591 

■595 

-610 

-614 

•629 

-634 

3-937 

•500 

-592 

-595 

-611 

-614 

•630 

-634 

4-724 

•600 

-593 

-596 

-612 

■614 

■630 

-633 

5-512 

•700 

-595 

•597 

-613 

■614 

•630 

-632 

6-299 

•800 

-596 

-597 

-614 

•615 

■631* 

-631 

7-087 

•900 

•597 

-598 

■615 

•615 

■630 

-631 

7-874 

1-000 

•598 

-599 

-615 

■615 

■630 

-630 

9-843 

1-250 

-599 

-600 

-616 

■616 

■630 

-630 

11-8J1 

1-500 

-600 

-601 

-616 

■616 

■629 

•629 

15-748 

2-000 

-602 

-602 

-617 

■617 

■628 

•629 

19-685 

2-500 

•603 

-603 

-617* 

■617* 

■628 

■628 

23-622 

3-000 

•604 

-604 

-617 

■617 

■627 

■627 

27-560 

3-500 

-604 

-604 

-616 

■616 

■627 

•627 

31-497 

4-000 

■605 

-605 

-616 

■616 

•627 

•627 

35-434 

4-500 

-605* 

-605* 

■615 

■615 

■526 

•626 

39-371 

5-000 

•605 

-605 

■615 

•615 

■626 

•626 

43-307 

5-500- 

■604 

-604 

•614 

■614 

■625 

•625 

47-245 

6-000 

•604 

-604 

■614 

-614 

■624 

•624 

51-182 

6-500 

•603 

-603 

•613 

-613 

•622 

•622 

55-119 

7-000 

•603 

-603 

■612 

-612 

■621 

•621 

59-056 

7-500 

•602 

-602 

■611 

•611 

■620 

•620 

62-993 

8-000 

-602 

-602 

•611 

•611 

■618 

•618 

66-930 

8-500 

-602 

-602 

•610 

-610 

•617 

•617 

70-867 

9-000 

-601 

-601 

-609 

•609 

•616 

•615 

74-805 

9-500 

-601 

-601 

-608 

•608 

•614 

•614 

.78-742 

10-000 

-601 

■601 

-607 

•607 

■613 

•614 

118-112 

15-000 

•601 

•601 

•603 

•603 

•606 

•606 

•  See  pages  CO,  61,  and  62. 
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TABLE  I. — Co^cienis  of  Discharge  fiym  Square  and  differently  proportioned 
Octangular  Lateral  Oryices  m  thin  Kertiaal  Flates,  arranged  froTa  Ponoelet  and 
Xiesbros. 


Rectangular 

Rectangular    | 

Rectangular 

rS  S  n 

orifice  8" 

xl-18". 

orifice  8 

'xO-8". 

orifice  8 

'xO-4". 

S 

Elatio  of  the  sides 

Ratio  of  the  sides 

Ratioof  the  sides 

§  ass- 

7  to  1  nearly . 

10  to  1. 

20  to  1. 

III 
ft 

Heads  of  water  i 

sured  to  the  u; 

Bides  of  the  orifl( 

English  inchc 

1^ 
ill 

1    1 

1  1 

III 

1    1 

Heads  taken 

tack  from  the 

orifice. 

si 

•766 

•783 

■795 

•725 

•750 

■705 

•778 

•025 

0-197 

•630 

■687 

■660 

'720 

■701 

•762 

•050 

0-394 

■632 

■674 

•660 

•707 

■697 

•745 

•075 

0-691 

•634 

■668 

■659 

•697 

■694 

•729 

•100 

0-787 

•638 

■659 

■659 

•685 

■688 

■708 

•150 

1-181 

•640 

■654 

•658 

•678 

■683 

■695 

•200 

1'675 

•640* 

■651 

•658 

•672 

■679 

•686 

•250 

1^969 

•640 

■647 

•657 

•668 

■676 

•681 

•300 

2-362 

•639 

■645 

■656 

•665 

•673 

•677 

•350 

2-756 

•638 

■643 

■656 

■662 

■670 

•675 

•400 

3-150 

■637 

■641 

■655 

•659 

■668 

•672 

•450 

3-543 

•637 

•640 

■654 

■657 

■666 

•669 

•500 

3-937 

•636 

■637 

■653 

■655 

•663 

•665 

•600 

4-724 

•635 

•636 

■651 

■653 

•660 

•661 

•700 

5-512 

•634 

•635 

■650 

■651 

•658 

■659 

•800 

6-299 

•634 

•634 

■649 

■650 

•657 

■657 

•900 

7-087 

■633 

•633 

■648 

■649 

•655 

■656 

1^000 

7-874 

•632 

•632 

■646 

■646 

•653 

■653 

1^250 

9-843 

•632 

■632 

■644 

■644 

•650 

■651 

1-500 

11-811 

•631 

■631 

■642 

■642 

■647 

■647 

2-000 

15-748 

•630 

■630 

■640 

•640 

•644 

■645 

2-500 

19-685 

•630 

•630 

■638 

•638 

■642 

■643 

S^OOO 

23-622 

•629 

•629 

■637 

•637 

■640 

■640 

3^500 

27-560 

•629 

•629 

■636 

•636 

•637 

'637 

4^000 

31-497 

•628 

•628 

■634 

•634 

■■  •635 

■635 

4^500 

35^434 

•628 

•628 

■633 

•633 

•632 

•632 

6-000 

39-371 

•627 

•627 

■631 

•631 

•629 

■629 

5-500 

43-307 

■626 

•626 

■628 

•628 1 

•626 

■626 

6-000 

47-245 

•624 

•624 

•625 

•625 

•622 

■622 

6^500 

51-182 

•622 

•622 

•622 

•622 

•618 

•618 

7^000 

55-119 

•620 

•620 

•619 

•619 

•615 

■615 

7-500 

59-056 

■618 

•618 

•617 

•617 

■613 

■613 

8^000 

62-993 

•616 

•616 

•615 

•615 

•612 

■612 

8^500 

66-930 

■615 

■615 

•614 

•614 

•612 

•612 

9-000 

70-867 

•613 

■613 

•612 

•612 

•611 

•611 

9-500 

74-805 

•612 

■612 

•612 

•612 

■611 

•611 

10-000 

78-742 

•603 

■608 

•610 

•610 

•609 

•609 

15-000 

118-112 

»  See  pat 

-es  60,  61 

,  and  62. 
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TJlBIiE  it. — Forjindinff  the  Velocities  fram  the  Altitudes,  cmd  the  Altitudes  from 
the  Velocities.— Altitudes  0  feet  0  ^  inch  to  0  feet  3|  inches. 


Coefficients  of  velocity,  and  the  corresponding  velocities  of       i 

1 

CD 

1 

disclaarge  in  incbes  per  second. 

03,  J>  b-    S 

■s^S 

•o^i 

O  m  as 

■i>  .1  -S 
^  S  ■§  .s 

4|t 

.III 

ED    t-    ■ 

gS.g 

II  m 

CO     »    O 

111 

II 1 

5=3.2 
>  II 1 

/ 
0 

0^5 

278 

2-71 

2-66 

2-39 

2-27 

2-22 

0 

Oi, 

3-48 

3-38 

3-32 

2-99 

2-83 

2-78 

0 

Ol^a 

6-95 

6-77 

6-64 

5-98 

5-66 

5-56 

0 

01 

9-829 

9-57 

9-40 
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TABLM  II.— For  finding  tie  TelooUiesfrom  the  AUihides,  and  *te  Mtitudeifrom  the 
Feiocitieg.— Altitudes  0  feet  Oife  inch  to  0  feet  8J  inches. 
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TABLIS  II. — Forjhulin^  the  Velodtiesfrom  the  Aliiittdes,  arid  the  Altitudes  from  the 
VelociMes. — Altitudes  0  feet  4  inches  to  1  foot. 
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Coefficients  of  velocity,  and  the  corresponding  velocities  of 
discharge  in  inches  per  second. 
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TABLE  II. — For^ndmff  the  Velocities  from  the  AlUiudeSt  and  the  Altitudes  from  the 
Velocities. — ^Altitudes  0  feet  4  inches  to  1  foot. 
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TABLE  II. — IB'oTJmdmg  the  yelo(Mie8fro'm  the  Altitudes,  cmd  the  Altitudeafrom  the 
Velocities. — Altitudes  1  foot  0^  inch  to  5  feet  8  inches. 
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TABIfE  II. — Xbr^ndmg  the  Velocities  Jrom  the  Altitudes^  and  the  Altitudes  from  the 
yelocities. — ^Altitudes  5  feet  6  incheB  to  17  feet. 
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TABIi'E  II. — Forjiudxiig  the  Velooitiesfrom  the  AUitudeB,  and  the  Altitudes  from  the 
VelocUiea. — ^Altitudes  17  feet  6  inches  to  40  feet. 
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282-00 

268-30 

253-00 

248-56 

244-34 

235-27 

17    6 

286-00 

272-11 

256-59 

252-09 

247-60 

288-61 

18    0 

289-95 

275-86 

260-12 

255-57 

251-01 

241-90 

18    6 

293-84 

279-57 

263-32 

259-00 

254-38 

245-14 

19     0 

297-68 

283-22 

267-06 

262-38 

257-71 

248-35 

19     6 

301-47 

286-83 

270-46 

265-73 

260-99 

251-51 

20    0 

305-22 

290-39 

273-82 

269-03 

264-23 

254-64 

20    6 

308-92 

293-91 

277-08 

272-23 

267-37 

257-67 

21     0 

312-57 

297-39 

280-42 

275-51 

270-60 

260-78 

21     6 

316-19 

300-83 

283-67 

278-70 

273-73 

263-79 

22    0 

319-76 

304-23 

286-87 

281-85 

276-82 

266-77 

22    6 

323-29 

307-59 

290-04 

284-96 

279-88 

269-72 

23     0 

326-79 

310-92 

293-18 

288-04 

282-91 

272-64 

23    6 

830-25 

314-21 

296-28 

291-09 

285-90 

275-52 

24    0 

333-67 

317-46 

299-35 

294-11 

288-86 

278-38 

24    6 

337-06 

320-69 

302-39 

297-09 

291-80 

281  -20 

25     0 

340-41 

323-88 

305-40 

300-05 

294-70 

284-00 

25    6 

343-73 

327-04 

308-38 

302-98 

297-57 

286-77 

26     0 

347-02 

330-17 

311-33 

305-87 

300-42 

289-52 

26    6 

350-28 

333  13 

314-25 

308-75 

303-24 

292-23 

27     0 

353-51 

336-34 

317-15 

311-69 

306-04 

294-93 

27    6 

856-71 

339-38 

320-02 

314-41 

308-81 

297-60 

28     0 

359-88 

342-40 

322-86 

317-20 

311-55 

300-24 

28    6 

363-02 

345-39 

325-68 

319-98 

314-27 

302-86 

29    0 

366-14 

348-35 

328-48 

322-72 

316-97 

305-46 

29    6 

369-23 

351-29 

331-25 

325-45 

319-65 

808  04 

30    0 

372-29 

354-21 

334-00 

328-15 

322-30 

310-60 

30     6 

375-33 

357-10 

336-73 

330-83 

324-93 

313-13 

31     0 

378-35 

359-97 

339-43 

333-48 

327-54 

315-60 

31     6 

381-34 

362-81 

342-11 

336-12 

330-13 

318-14 

32    0 

384-30 

365-64 

344-78 

338-74 

332-70 

320-62 

82    6 

387-25 

368-44 

347-42 

341-33 

335-25 

323-08 

33    0 

390-17 

371-22 

350-04 

343-01 

337-78 

325-51 

33     6 

393-07 

373-98 

352-64 

346-47 

340-29 

327-98 

34    0 

395-95 

376-72 

355-23 

349-00 

342-78 

330-84 

34    6 

398-81 

379-44 

357-79 

351-52 

345-26 

382-72 

35    0 

404-47 

384-82 

362-87 

356-51 

350-15 

337-44 

36    0 

410-05 

390-13 

367-87 

361-43 

354-98 

342-10 

37    0 

415-55 

395-37 

372-81 

366-28 

359-75 

346-69 

38    0 

420-98 

400-54 

377-68 

371-11 

364-45 

351-22 

39    0 

426-35 

405-64 

382-49 

375-79 

369-09 

355-70 

40     0 
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THE  mSCHAMGE  OF  WATEB  FROM 


TABLB  Ill.—Sgume  Eoottfor  flndmg  the  effects  of  the  Veloaty  of  A'pproach  when 
the  Oryiee  is  small  in  proportion  to  the  Sead.  Also  for  JivMng  the  Increase  in  the 
Diaehavgefrom  an  Increase  of  Head.     (See  pp.  91  to  99), 


■No. 

Square 
root. 

No. 
\ 

Square 
root. 

No. 

Square 
root. 

No. 

Square 
root. 

1-000 

1-0000 

1-115 

1-0559 

1-475 

1-2141 

1-975 

1-4053 

001 

0005 

120 

0583 

49 

2207 

1-99 

4107 

002 

0010 

125 

0607 

5 

2247 

2-00 

4142 

004 

0020 

13 

0630 

51 

2288 

2-01 

4177 

005 

0025 

135 

0654 

525 

2349 

2-025 

4230 

006 

0030 

14 

0677 

54 

2410 

2-04 

4283 

008 

0040 

145 

0700 

55 

2450 

2-05 

4318 

009 

0044 

15 

0723 

56 

2490 

2-06 

4353 

010 

0050 

155 

0747 

575 

2550 

2-075 

4405 

Oil 

0055 

16 

0770 

58 

2570 

2-09 

4457 

012 

0060 

165 

0794 

59 

2610 

2-10 

4491 

014 

0070 

17 

0817 

6 

2649 

2-11 

4526 

015 

0075 

175 

0840 

61 

2689 

2-125 

4577 

016 

0080 

18 

0863 

625 

2748 

2-14 

4629 

018 

0090 

185 

0886 

64 

2806 

2-15 

4663 

019 

0095 

19 

0909 

65 

2845 

2-16 

4697 

020 

0100 

195 

0932 

66 

2884 

2-175 

4748 

0225 

0112 

2 

0954 

675 

2942 

2-19 

4799 

025 

0124 

21 

1000 

69 

3000 

2-2 

4832 

0275 

0137 

22 

1045 

7 

3038 

2-21 

4866 

03 

0149 

23 

1091 

71 

3077 

2-225 

4916 

0325 

0161 

24 

1136 

725 

3134 

2-24 

4967 

035 

0174 

25 

1180 

74 

3191 

2-25 

5000 

0375 

0186 

26 

1225 

75 

3229 

2-26 

5033 

04 

0198 

27 

1269 

76 

3267 

2-275 

5083 

0425 

0210 

28 

1314 

775 

3323 

2-29 

5133 

045 

0223 

29 

1358 

79 

3379 

2-3 

5166 

0475 

0235 

30 

1402 

80 

3416 

2-31 

5199 

05 

0247 

31 

1446 

81 

3454 

2-325 

1 

5248 

055 

0271 

325 

1511 

825 

3509 

2-34 

5297 

06 

0296 

34 

1576 

84 

3565 

2-35 

]^ 

5330 

065 

0320 

35 

1619 

85 

3601 

2.36 

5362 

07 

0344 

36 

1662 

86 

3638 

2-375 

5411 

075 

0368 

375 

1726 

875 

3693 

2-39 

5460 

08 

0392 

39 

1790 

89 

3748 

2-4 

5492 

085 

0416 

'40 

1832 

9 

3784 

2-41 

5524 

09 

0440 

41 

1874 

91 

3820 

2-425 

5572 

095 

0464 

425 

1937 

925 

3875 

2-44 

5621 

1 

0488 

44 

2000 

94 

3928 

2-45 

5652 

105 

0512 

45 

2042 

95 

3964 

2-46 

5684 

1-llp 

1-0536 

1.-.— - 

1-46 

1-2083 

1-96 

1-4000 

2-475 

1-5787 

0RIFIGE8,   WEIRS,  PIPES,  AND  RIVERS, 
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TABIiE  IXI. — S^a/re  Moots  for  fading  the  effects  of  the  Velocity  of  Approach  when 
the  Orifice  is  small  in  proportion  to  the  Mead.  Also  for JimMng  the  increase  in  the 
Discha/rgefrom  an  increase  cfSead.     (See  pp.  91  to  99.) 


No. 

Square 
root. 

No. 

Square 
root. 

No. 

Square 
root. 

No. 

Square 
root. 

2-49 

1-5780 

3-0000 

1-7321 

4-5 

2-1213 

26 

5-0990 

2-5 

1-5811 

3-025 

1-7393 

5-0 

2-2361 

27 

5-1962 

2-51 

1-5843 

3-05 

1-7464 

5-5 

2-3452 

28 

5-2915 

2-525 

1-5890 

3-075 

1-7536 

6-0 

2-4495 

29 

5-3852 

2-54 

1-5937 

3-1 

1-7607 

6-5 

2-5495 

30 

5-4772 

2-55 

1-5969 

3-125 

1-7678 

7-0 

2-6458 

31 

5-5678 

2-56 

1-6000 

315 

1-7748 

7-5 

2-7386 

32 

5-6569 

2-575 

1-6047 

3-175 

1-7819 

8-0 

2-8284 

33 

5-7446 

2-59 

1-6093 

3-2 

1-7889 

8-5 

2-9155 

34 

5-8310 

2-6 

1-6125 

3-225 

1-7958 

9-0 

3-0000 

35 

5-9161 

2-61, 

1-6155 

3-25 

1-8028 

9-5 

3-0822 

36 

6-0000 

2-625 

1-6202 

3-275 

1-8097 

10-0 

3-1623 

37 

6-0828 

2-64 

1-6248 

3-3 

1-8166 

10-5 

2-2404 

38 

6  1644 

2-65 

1-6279 

3-325 

1-8235 

11-0 

3-3166 

39 

6-2450 

2-66 

1-6310 

3-35 

1-8303 

11-5 

3-3912 

40 

6-3246 

2-675 

1-6355 

3-375 

1-8371 

12-0 

3-4641 

41 

6-4031 

2-69 

1-6401 

3-4 

1-8439 

12-5 

3-5355 

42 

6-4807 

2-7 

1-6432 

3-425 

1-8507 

13-0 

3-6056 

43 

6-5574 

2-71 

1-6462 

8-45 

1-8574 

13-5 

3-6742 

44 

6-6332 

2-725 

1-6508 

3-475 

1-8641 

14-0 

3-7417 

45 

6-7082 

2-74 

1-6553 

3-5 

1-8708 

14-5 

3-8079 

46 

6-7823 

2-75 

1-6583 

3-525 

1-8775 

15-0 

3-8730 

47 

6-8557 

2-76 

1-6613 

3-55 

1-8841 

15-5 

3-9370 

48 

6-9282 

2-775 

1-6658 

3-575 

1-8908 

16-0 

4-0000 

49 

7-0000 

2-79 

1-6703 

3-6 

1-8974 

16-5 

4-0620 

50 

7-0711 

2-8 

1-6733 

3-625 

1-9039 

17-0 

4-1231 

51 

7-1414 

2-81 

1-6763 

3-65 

1-9105 

17-5 

4-1833 

52 

7-2111 

2-825 

1-6808 

3'675 

1-9170 

18-0 

4-2426 

53 

7-2810 

2-84 

1-6852 

3-7 

1-9235 

18-5 

4-3012 

54 

7-3485 

2-85 

1-6882 

3-725 

1-9300 

19-0 

4-3589 

55 

7-4162 

2-86 

1-6912 

3-75 

1-9365 

19-5 

4-4159 

56 

7-4833 

2-875 

1-6956 

3-775 

1-9429 

20-0 

4-4721 

57 

7-5498 

2-89 

1-7000 

3-8 

1-9494 

20-6 

4-5277 

68 

7-6158 

2-9 

1-7029 

3-825 

1-9558 

210 

4-5826 

59 

7-6811 

2-91 

1-7059 

3-85 

1-9621 

21-5 

4-6368 

60 

7-7460 

2-925 

1-7103 

3-875 

1-9685 

22-0 

4-6904 

61 

7-8102 

2-94 

1-7146 

3-9 

1-9748 

22-5 

4-7434 

62 

7-8740 

2-95 

1-7176 

3-925 

1-9812 

23  0 

4-7958 

63 

7-9373 

2-96 

1-7205 

3-95 

1-9875 

23-5 

4-8477 

64 

8-0000 

2-975 

1-7248 

3-975 

1-9938 

24-0 

4-8990 

65 

8-0623 

2-99 

1-7292 

4-0 

2-0000 

25-0 

5-0000 

66 

8-1240 

G& 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  IV, — For  JinMng  the  Discharge  ih'augh  Becicmgular  Oryices ;  in  which 
h 
«  =  "^    Also  for JiftMng  the  effects  of  the  Velocity  ofA^pproach  to  WevrSt  ana  the 

JDe^eamm  on  the  Crest.     (See  pp.  91  to  99.) 


l+n. 

«f. 

<!  +  »)*. 

l+„)l_„f. 

l+M. 

n\ 

a  +»)"'- 

(l+^f^i 

1-000 

-0000 

1-0000 

1-0000 

1-115 

-0390 

1^1774 

1-1384 

1-001 

-0000 

1-0015 

1-0015 

1-120 

-0416 

1-1853 

1-1437 

1-002 

-0001 

1-0030 

1-0029 

1-125 

-0442 

1-1932 

1-1491 

1-004 

-0003 

1-0060 

1-0058 

1-13 

-0469 

1-2012 

1-1643 

1-005 

-0004 

1-0075 

1-0072 

1-135 

-0496 

1-2092 

1-1596 

1-006 

-0005 

1-0090 

1-0086 

1-14 

-0524 

1-2172 

1-1648 

1-008 

-0007 

1-0120 

1-0113 

1-145 

-0552 

1-2251 

1-1700 

1-009 

-0009 

1-0135 

1-0127 

1-15 

-0581 

1-2332 

1-1751 

1-010 

-0010 

1-0150 

1-0140 

1-155 

-0610 

1-2413 

11803 

1-011 

-0012 

1-0165 

1-0154 

1-16 

-0640 

1-2494 

1-1854 

1-012 

-0013 

1-0181 

1-0167 

1-165 

-0670 

1-2574 

1-1904 

1-014 

-0017 

1-0211 

1-0194 

1-17 

-0701 

1-2655 

1-1955 

1-015 

-0018 

1-0226 

1-0207 

1-175 

■0732 

1-2737 

1-2005 

1-016 

-0020 

1-0241 

1-0221 

1-18 

-0764 

1-2818 

1-2054 

1-018 

-0024 

1-0271 

1-0247 

1-185 

-0796 

1-2900 

1-2104 

1-019 

-0026 

1-0286 

1-0260 

1-19 

-0828 

1-2981 

1-2153 

1-020 

-0028 

1-0301 

1-0273 

1-195 

-0861 

1-3063 

1-2202 

1-0225 

-0034 

1-0339 

1-0306 

1-2 

-0894 

1-3145 

1-2251 

1-025 

-0040 

1-0377 

1-0338 

1-21 

-0962 

1-3310 

1-2348 

1-0275 

-0046 

1-0415 

1-0370 

1-22 

-1032 

1-3475 

1-2443 

103 

-0052 

1-0453 

1-0401 

1-23 

-1103 

1-3641 

1-2538 

1-0325 

-0059 

1-0491 

1-0433 

1-24 

-1176 

1-3808 

1-2632 

1-035 

-0065 

1-0530 

1-0464 

1-25 

-1250 

1-3976 

1-2725 

1-0375 

-0073 

1-0568 

1-0495 

1-26 

-1326 

1-4143 

1-2818 

1-04 

-0080 

1-0606 

1-0526 

1-27 

-1403 

1-4312 

1-2909 

1-0425 

-0088 

1-0644 

1-0557 

1-28 

-1482 

1-4482 

1-3000 

1-045 

-0095 

1-0683 

1-0587 

1-29 

-1562 

1-4652 

1-3090 

1-0475 

-0104 

1-0721 

1-0617 

1-30 

-1643 

1-4822 

1-3179 

1-05 

■0112 

1-0759 

1-0648 

1-31. 

-1726 

1-4994 

1-3268 

1-055 

-0129 

1-0836 

1-0707 

1-325 

-1853 

1-5252 

1-3399 

1-06 

-0147 

1-0913 

1-0766 

1-34 

-1983 

1-5512 

1-3529 

1-065 

-0166 

1-0991 

1-0825 

1-35 

-2071 

1-5686 

1-3615 

1-07 

-0185 

1-1068 

1-0883 

1-36 

-2160 

1-5860 

1-3700 

1-075 

-0205 

1-1146 

1-0940 

1-375 

-2296 

1-6123 

1-3827 

1-08 

-0226 

1-1224 

1-0997 

1-39 

-2436 

1-6388 

1-3952 

1-085 

-0248 

1-1302 

1-1054 

1-40 

-2530 

1-6665 

1-4036 

1-09 

•0270 

1-1380 

1-1110 

1-41 

-2625 

1-6743 

1-4118 

1-095 

•0293 

1-1458 

1-1166 

1-425 

-2771 

1-7011 

1-4240 

1-1 

•0316 

1-1537 

1-1221 

1-44 

-2919 

1-7280 

1-4361 

1-105 

-0340 

1-1616 

1-1275 

1-45 

-3019 

1  -7460 

1-4442 

1-110 

-0365 

1-1695 

1-1330 

1-46 

-3120 

1-7641 

1-4621 

Values  of  n  from  0  to  '46. 


[ConUnueA  on  next  page. 
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TABZE  IV. — For  finding  the  Diacha/rge  through  Seciangular  OrificeB ;  in  whicU 
«  =  -^i  AUo  far  finding  the  ^eete  cf  the  YeUcity  of  Approach  to  Weirs,  iro. 
(See  pp.  91  to  99.) 


l+». 

«*. 

(l+«)*. 

(1+„)I_„T 

1+K. 

n-. 

(!+»)*. 

(I+b)*— IS*. 

1-475 

-3274 

1^7914 

1-4640 

1-975 

-9627 

2-7756 

1-8128 

1-49 

-3430 

1^8188 

1'4758 

1-99 

-9850 

2-8072 

1-8222 

1-5 

■3536 

1-8371 

1-4836 

2- 

1-0000 

2  ■8284 

1-8284 

1-51 

-3642 

1-8555 

1-4913 

2^01 

1-0150 

2^8497 

1-8346 

1-525 

-3804 

1-8832 

1-5028 

2^025 

1-0377 

2^8816 

.  1^8439 

1-54 

-3968 

1-9111 

1-5143 

2-04 

1-0606 

2^9137 

1-8531 

1-55 

•4079 

1-9297 

1-5218 

2-05 

1-0759 

2^9352 

1-8592 

1-56 

•4191 

1-9484 

1-5294 

2^06 

1-0913 

2^9567 

1^8653 

1-575 

•4360 

1-9766 

1-5406 

2^075 

1-1146 

2-9890 

1^8744 

1-58 

•4417 

1-9860 

1-5443 

2^09 

1-1380 

3  0215 

1^8835 

1-59 

-4532 

2^0049 

1-5517 

2^10 

1-1537 

3  ■0432 

1^8895 

1-6 

-4648 

2^0239 

1-5591 

2^11 

1-1695 

3-0650 

1^8955 

1-61 

-4764 

2^0429 

1-5664 

2-125 

1-1932 

3  0977 

1^9045 

1-625 

■4941 

2-0715 

1-5774 

2^14 

1-2172 

31306 

1'9134 

1-64 

-5120 

2-1002 

1-5882 

2^15 

1-2332 

3^1525 

1^9193 

1-65 

•5240 

2-1195 

1-5954 

2-16 

1-2494 

3^1745 

1^9252 

1-66 

•5362 

2-1388 

1-6026 

2^175 

1-2737 

3  2077 

1^9340 

1-675 

•5546 

2-1678 

1-6132 

2-19 

1-2981 

3^2409 

1  ^9428 

1-69 

•5732 

2-1970 

1-6238 

2^2 

1-3145 

3  ■2631 

1^9486 

1-7 

•5857 

2^2165 

1  -6309 

2^21 

1-3310 

3-2854 

1^9544 

1-71 

•5983 

2^2361 

1-6379 

2^225 

1-3558 

3-3189 

19631 

1-725 

•6173 

2^2656 

1-6483 

2-24 

1-3808 

3-3525 

r9717 

1-74 

•6366 

2  2952 

1-6586 

2-25 

1-3975 

3-3750 

1-9775 

1-75 

•6495 

2^3150 

1^6655 

2-26 

1-4143 

3^3975 

1-9832 

1-76 

•6626 

2^3349 

1^6724 

2-275 

1-4397 

3^4314 

1  -9917 

1-775 

•6823 

2  ■3648 

1^6826 

2-29 

1-4652 

3^4654 

2-0002 

1-79 

•7022 

2^3949 

1  -6927 

2-3 

1-4822 

3-4881 

2-0059 

1-80 

•7155 

2^4150 

1-6994 

2-31 

1-4994 

3-5109 

2-0115 

1-81 

•7290 

2-4351 

1-7061 

2-325 

1-5252 

3-5451 

2-0200 

1-825 

•7493 

2-4654 

1-7161 

2-34 

1-5512 

3-5795 

2-0284 

1-84 

•7699 

2-4959 

1-7260 

2-35 

1-5686 

3-6025 

2-0339 

1-85 

•7837 

2-5163 

1-7326 

2-36 

1-5860 

3-6255 

2-0395 

1-86 

•7975 

2-5367 

1-7392 

2-375 

1-6123 

3-6601 

2-0478 

1-875 

•8185 

2-5674 

1-7490 

2-39 

1-6388 

3-6948 

2-0561 

1-89 

•8396 

2-5983 

1-7587 

2-4 

1-6565 

3-7181 

2-0616 

1-9 

•8538 

2-6190 

1-7652 

2-41 

1-6743 

3-7413 

2  ■0670 

1-91 

•8681 

2-6397 

1-7716 

2-425 

1-7011 

3-7763 

2^0752 

1-925 

-8896 

2-6709 

1-7813 

2-44 

1-7280 

3-8114 

2  ■0834 

1-94 

-9114 

2-7021 

1-7907 

2-45 

1-7460 

3-8349 

2^0888 

1-95 

-9259 

2-7230 

1-7971 

2-46 

1-7641 

3-8584 

2^0942 

1-96 

•9406 

2-7440 

1-8034 

2-475 

1-7914 

3-8937 

2^1023 

Valu 

ea  of  «  from 

■476  to  1-475 

[CoTvtinued 

on  next  page. 
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TEE  DISCHARGE  OF  WATER  FROM 


TASI/E  IV. — 'For  fm&mg  the  Diachwrge  through  Sedamgular  Orijicea;   in  which 
h  .^^ 

n  =  J.    Also  for  finding  the  effects  of  the  Velocity  of  Approach  to  Wevrs^S^c. 

(See  pp.  01  to  99.) 


l  +  ». 

J. 

0.+nf. 

{1+nf^. 

l+M. 

J. 

(l  +  «/. 

{\+nf—J. 

2-49 

1:8188 

3-9292 

2-1104 

3- 

2-8284 

5-1962 

2-3677 

2-5 

1-8371 

3-9528 

2-1157 

3-025 

2-8816 

5-2612 

2-3796 

2-51 

1-8555 

3-9766 

2-1211 

3-05 

2-9352 

5-3626 

2-3914 

2-525 

1-8832 

4-0123 

2-1291 

3-075 

2-9890 

5-3922 

2-4032 

2-54 

1-9111 

4-0481 

2-1370 

3-1 

3-0432 

5-4581 

2-4149 

2-55 

1-9297 

4-0720 

2-1423 

3-125 

3-0977 

5-5243 

2-4266 

2-56 

1-9484 

4-0960 

2-1476 

3-15 

3-1525 

5-5907 

2-4382 

2-575 

1-9766 

4-1321 

2-1554 

3-175 

3-2077 

5-6574 

2-im 

2-59 

2-0049 

4-1682 

2-1633 

3-2 

3-2631 

5-7243 

2-4612 

2-6 

2-0239 

4-1924 

2-1685 

3-225 

3-3189 

6-7915 

2-4726 

2-61 

2-0429 

4-2166 

2-1737 

3-25 

3-3750 

5-8590 

2-4840 

2-625 

2-0715 

4-2530 

2-1815 

3-275 

3-4314 

5-9268 

2-4953 

2-64 

2-1002 

4-2895 

2-1893 

3-3 

3-4881 

5-9947 

2-5066 

2-65 

2-1195 

4-3139 

2-1944 

3-325 

3-5451 

6-0630 

2-5179 

2-66 

2-1388 

4-3383 

2-1996 

3-35 

3-6025 

6-13iB 

2-5290 

2-675 

2-1678 

4-3751 

2-2073 

3-375 

3-6601 

6-2003 

2-5401 

2-69 

2-1970 

4-4119 

2-2149 

3-4 

3-7181 

6-2693 

2-6612 

2-7 

2-2165 

4-4366 

2-2200 

3-425 

3-7763 

6-3386 

2-5623 

2-71 

2-2361 

4-4612 

2-2251 

3-45 

3-8349 

6-4081 

2-6732 

2-725 

2-2666 

4-4983 

2-2327 

3-475 

3-8937 

6-4779 

2-5842 

2-74 

2-2952 

4-5355 

2-2403 

3-5 

3-9528 

6-5479 

2-5951 

2-75 

2-3150 

4-5604 

2-2453 

3-525 

4-0123 

6-6182 

2-6059 

2-76 

2-3349 

4-5853 

2-2504 

3-55 

4-0720 

6-6887 

2-6167 

2-775 

2-3648 

4-6227 

2-2579 

3-575 

4-1321 

6-7595 

2-6274 

2-79 

2-3949 

4-6602 

2-2654 

3-6 

4-1924 

6-8305 

2-6381 

2-8 

2-4150 

4-6853 

2-2703 

3-625 

4-2530 

6-9018 

2-6488 

2-81 

2-4351 

4-7104 

2-2753 

3-65 

4-3139 

6-9733 

2-6594 

2-825 

2-4654 

4-7482 

2-2827 

3-675 

4-3751 

7-0451 

2-6700 

-  2-84 

2-4959 

4-7861 

2-2902 

3-7 

4-4366 

7-1171 

2-6805  ' 

2-85 

2-5163 

4-8114 

2-2951 

3-725 

4-4983 

7-1893 

2-6910 

2-86 

2-5367 

4-8367 

2-3000 

3-75 

4-5604 

7-2618 

2-7015 

2-875 

2-5674 

4-8748 

2-3074 

3-775 

4-6227 

7-3346 

2-7119 

2-89 

2-5983 

4-9130 

2-3147 

3-8 

4-6853 

7-4076 

2-7223 

2-9 

2-6190 

4-9385 

2-3196 

^-825 

4-7482 

7-4808 

2-7326 

2-91 

2-6397 

4-9641 

2-3244 

3-85 

4-8114 

7-6642 

2-7429 

2-925 

2-6708 

5-0025 

2-3317 

3-875 

4-8748 

7-6279 

2-7631 

2-94 

2-7021 

5-0411 

2-3389 

3-9 

4-9385 

7-7019 

2-7634 

2-95 

2-7230 

5-0668 

2-3438 

3-925 

5-0025 

7-7761 

2-7736 

2-96 

2-7440 

5-0926 

2-3486 

3-95 

5-0668 

7  •8506 

2-7837 

2-975 

2-7756 

5-1313 

2-3558 

3-975 

5-1313 

7-9251 

2-7838 

2-99 

2-8072 

5-1702 

2-3630 

4- 

5-1962 

8- 

2-8038 

Values  of  n  from  1  '49  to  ^ 


{Continued  on  next  page. 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS,  453 


TABLS  IV. — For  Jinditiff  the  Diaoharffe  through  Rectcmgula/r  Orifices  i  vti  tohtch 
h 
»  =•  ■^.    Also  for  Jindmg  the  effects  of  the  Velodty  of  Approach  to  Wevra,  S^e. 

(See  pp.  91  to  99.) 


I+M. 

n\ 

(!+»#• 

(l+„)V_A 

l+M. 

n\ 

(l  +  «)*. 

(l+»>)^-K». 

4-5 

6-5479 

9-5459 

2-9980 

26- 

125-0000 

132-5745 

7-5745 

5-0 

8-0000 

11-1803 

3-1803 

27- 

132-5745 

140-2961 

7-7216 

5-5 

9-5459 

12-8986 

3-3527 

28- 

140-2961 

148-1621 

7-8660 

6-0 

11-1803 

14-6969 

3-5166 

29- 

148-1621 

156-1698 

8-0077 

6-5 

12-8986 

16-5718 

3-6732 

30- 

156-1698 

164-3168 

8-1470 

7-0 

14-6969 

18-5203 

3-8234 

31- 

164-3168 

172-6007 

8-2839 

7-5 

16-5718 

20-5396 

3-9678 

32- 

172-6007 

181-0193 

8-4186 

8-0 

18-5203 

22-6274 

4-1071 

33- 

181-0193 

189-5706 

8-5513 

8-5 

20-5396 

24-7815 

4-2419 

34- 

189-5706 

198-2524 

8-6818 

9-0 

22-6274 

27-0000 

4-3726 

35- 

198-2524 

207-0628 

8-8104 

9-5 

24-7815 

29-2810 

4-4995 

36- 

207-0628 

216-0000 

8-9372 

10-0 

27-0000 

31-6228 

4-6228 

37- 

216-0000 

225-0622 

9-0622 

10-5 

29-2810 

34-0239 

4-7429 

38- 

225-0622 

234-2477 

9-1855 

H-0 

31-6228 

36-4829 

4-8601 

39- 

234-2477 

243-5549 

9-3072 

H-5 

34-0239 

38-9984 

4-9745 

40- 

243-5549 

252-9822 

9-4273 

12'0 

36-4829 

41-5692 

5-0863 

41- 

252-9822 

262-5281 

9-5459 

12-5 

38-9984 

44-1942 

5-1958 

42- 

262-5281 

272-1911 

9-6630 

13-0 

41-5692 

46-8722 

5-3030 

43- 

272-1911 

281-9699 

9-7788 

13'5 

44-1942 

49-6022 

5-4080 

44- 

281-9699 

291-8630 

9-8931 

14-0 

46-8722 

52-3832 

5-5110 

45- 

291-8630 

301-8692 

10-0062 

14-5 

49-6022 

55-2144 

5-6122 

46- 

301-8692 

311-9872 

10-1180 

15-0 

52-3832 

58-0947 

5-7115 

47- 

311-9872 

322-2158 

10-2286 

15-5 

55-2144 

61-0236 

5-8092 

48- 

322-2158 

332-5538 

10-3380 

16-0 

58-0947 

64- 

5-9053 

49- 

332-5538 

343-0000 

10-4462 

16-6 

61-0236 

67-0247 

6-0011 

50- 

343-0000 

353-5534 

10-6534 

17-0 

64- 

70-0928 

6-0928 

51- 

353-5534 

364-2128 

10-6694 

17-5 

67-0247 

73-2078 

6-1831 

52- 

364-2128 

374-9773 

10-7645 

18-0 

70-0928 

76-3675 

6-2747 

53- 

374-9773 

385-8458 

10-8685 

18-5 

73-2078 

79-5715 

6-3637 

54- 

385-8458 

396-8173 

10-9715 

19-0 

76-3675 

82-8191 

6-4616 

55- 

396-8173 

407-8909 

11-0736 

19-5 

79-5715 

86-1097 

6-5382 

56- 

407-8909 

419-0656 

11-1747 

20-0 

82-8191 

89-4427 

6-6236 

57- 

419-0656 

430-3406 

11-2750 

20-5 

86-1097 

92-8177 

6-7080 

58- 

430-3406 

441-7148 

11-3742 

21-0 

89-4427 

96-2341 

6-7914. 

59- 

441-7148 

453-1876 

11-4728 

21-5 

92-8177 

99-6914 

6-8737 

60- 

453-1876 

464-7580 

11-5704 

22 '0 

96-2341 

103-1892 

6-9551 

61- 

464-7580 

476-4252 

11-6672 

22-5 

99-6914 

106-7269 

7-0355 

62- 

476-4252 

488-1885 

11-7633 

23- 

103-1892 

110-3041 

7-1149 

63- 

488-1885 

500-0470 

11-8586 

23-5 

106-7269 

113-9205 

7-1936 

64- 

500-0470 

512-0000 

11-9630 

24- 

110-3041 

117-5755 

7-2714 

65- 

512-0000 

524-0468 

12-0468 

25- 

117-5755 

125- 

7-4245 

66- 

524-0468 

536-1865 

12-1397 

Values  of  n  from  3-5  to  65. 
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TEE  DISOHARGE  OF  WATER  FROM 


TABIiM  T.—Co^oients  of  JXacharge  fm  Afferent  ScdioB  of  the  Channel  to  the 
On/See.— Co^clents  for  Heads  in  still  water  '650  and  'STS.  See  equations 
(44)  and  (44a)  and  the  observations  thereon  at  p.  99. 


c 

Ratio     

oefficient  -650  for  heads  in  still 
water. 

Coefacient  -573  for  heads  in  still 
water. 

of  the    Rati 
ohannel  teig 
to  the    totl 
orifice,    oity 

the 

0  of  the 
'ht  due 
le  velo- 

of  ap- 
ach  to 

head. 

Coefficients  Coef 

for  orifices :    for 

the  heads      the 

measured      me 

to  the           tl 

centres.          d 

aoients 
weirs  : 

heads 
asured 

efuU 
epth. 

Eatio  of  the 
height  due 
to  the  velo- 
city of  ap- 
proach to 
the  head. 

Coefficients  Coe 

for  orifices :    tor 

the  heads      the 

measured     me 

to  the           t 

centres.          { 

ffioients 
weirs: 
heads 

asured 

lefull 

epth. 

30- 

000 

■550 

550 

■000 

•573 

573 

20- 

001 

■550 

551 

•001 

•573 

574 

15- 

001 

■550 

551 

•001 

•573 

574 

10- 

003 

■551 

552 

■003 

•574 

576 

9- 

004 

■551 

553 

■004 

•574 

576 

8- 

005 

■551 

564 

■005 

•674 

577 

7- 

006 

■552 

555 

■007 

•575 

578 

6- 

008 

•552 

557 

■009 

•576 

680 

5-5 

010 

■553 

568 

■Oil 

•576 

582 

5-0 

012 

•553 

559 

■013 

■577 

684 

4-5 

015 

■554 

662 

■016 

■578 

586 

4-0 

019 

■555 

565 

■021 

■579 

689 

3-75 

022 

•556 

566 

■024 

■580 

592 

3-50 

025 

■557 

569 

■028 

■581 

594 

3-25 

029 

■558 

572 

■032 

■582 

598 

3-0 

035 

■559 

575 

■038 

•584 

602  - 

2-75 

042 

■561 

580 

■045 

•586 

607 

2-50 

051 

■564 

586 

■065 

•589 

614 

2-25 

064 

■567 

594 

■069 

•593 

623 

2-00 

082 

■572 

606 

■089 

•598 

636 

1-95 

086 

•573 

609 

•094 

•599 

639 

1-90 

091 

•575 

612 

•100 

•601 

643 

1-85 

097 

•576 

615 

•106 

•603 

647 

1-80 

103 

•578 

619 

•113 

•604 

651 

1-75 

110 

•579 

623 

•120 

•606 

655 

1-70 

117 

•581 

627 

•128 

•609 

660 

1'65 

125 

•583 

632 

•137 

■611 

666 

1-60 

134 

■586 

637 

•147 

•614 

671 

1-55 

144 

■588 

643 

•158 

•617 

678 

1-50 

155 

•591 

649 

•171 

•620 

685 

1-45 

168 

■594 

656 

•185 

•624 

694 

1-40 

183 

■598 

664 

•201 

•628 

703 

1-35 

199 

■602 

673 

■220 

•633 

713 

1-30 

218 

■607 

683 

■241 

•638 

724 

1-25 

240" 

■612 

695 

■266 

•645 

737 

1-20 

265 

■619 

707 

•295 

•652 

753 

1'15 

297 

■626 

723 

•330 

•661 

770 

1-10 

333 

■635 

741 

•372 

•671 

791 

1-05 

378 

■646 

762 

•424 

•684 

816 

1-00 

434 

■659 

787 

•489 

■699 

845 

See  the  auxiliary  tables,  pp.  104, 108,  and  111. 
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TABZB  V. — Co^oientg  qf  Dtscharge  for  dAffev&nUi  Batias  of  the  Channel  to  the 
OrtSoe. — Coefficients  for  heads  in  still  water  -684  and  'SQS.  See  equations  C44J 
'md  (44a)  and  the  observations  thereon  at  p.  99. 


Coefficient 

'581  for  heads  in  still     I 

Coefficient 

■696  for  heads  in  still    | 

water. 

water. 

Jofiri  nf  - 

the 

Batioot 

Coefficients 

Coefficients 

Ratio  of     Coefficients  1 

Coefdcients 

channel 

the  height 

or  orifices : 

for  weirs: 

the  height 

'or  orifices : 

for  weirs : 

to  the 

due  to  the 

the  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

orifice. 

velocity  of 

measured 

measured 

velocity  of 

measured 

measured 

approach 

to  the 

thefuU 

approach 

to  the 

thefuU 

o  the  head. 

centres. 

depth. 

bo  the  head. 

centres. 

depth. 

30- 

■000 

■584 

■584 

•000 

■595 

•595 

20- 

•001 

■584 

■585 

•001 

•595 

•596 

15- 

■002 

•584 

•585 

•002 

•595 

■596 

10- 

■003 

•585 

•587 

•004 

•596 

•598 

9  0 

•004 

•585 

•588 

•004 

■596 

•599 

1-0 

•005 

•586 

■588 

•006 

•597 

•600 

7-0 

■007 

•586 

■590 

•007 

•597 

■601 

6-0 

•010 

■587 

•592 

•010 

■598 

•603 

5-5 

■Oil 

■587 

•593 

■012 

•599 

•605 

5-0 

•014 

■588 

•595 

■014 

•599 

■607 

4-5 

■017 

■589 

•598 

■018 

•600 

•610 

4-0 

•022 

■590 

■601 

•023 

•602 

•613 

3-75 

•025 

•591 

•604 

•026 

■603 

•616 

3-50 

•029 

■592 

■606 

•030 

■604 

■619 

3-25 

•033 

■594 

•610 

•035 

■605 

•622 

3-0 

■039 

■695 

•614 

•041 

■607 

•627 

2-75 

•047 

■598 

■620 

•049 

■609 

•     ■633 

2-50 

•058 

•601 

•627 

•060 

■613 

■641 

2-25 

■072 

•605 

•637 

•075 

•617 

•651 

2-0 

■093 

•611 

■651 

•097 

■623 

•666 

1-95 

•099 

•612 

•654 

•103 

■625 

•669 

1-90 

■104 

■614 

■660 

•109 

■227 

•673 

1-85 

•111 

■615 

■662 

■115 

■628 

•678 

1-80 

•118 

•617 

•666 

•123 

•630 

•682 

1-75 

■125 

■620 

■671 

•131 

■633 

■687 

1-70 

■134 

■622 

•676 

•140 

■635 

■693 

1-65 

•143 

■624 

■682 

■149 

■638 

■699 

1-60 

•154 

■627 

■689 

■160 

•641 

•706 

1-55 

•166 

■631 

■696 

■173 

•644 

•713 

1-50 

•179 

■634 

•703 

•187 

•648 

•721 

1-45 

•194 

•638 

•712 

•202 

•652 

•730 

1-40 

•211 

■643 

•722 

•220 

■657 

•741 

1-35 

■230 

■648 

■732 

•241 

■663 

•752 

1-30 

•253 

■654 

•745 

■265 

•669 

•765 

1-25 

■279 

■661 

•759 

■293 

•677 

•780 

1-20 

■310 

•669 

■775 

■325 

•685 

•797 

1-15 

■348 

■678 

•794 

•366 

■695 

•818 

1-10 

■393 

■689 

■816 

•414 

•707 

■842 

1-05 

■448 

■703 

•842 

•473 

■722 

•870 

1-00 

■518 

•719 

•874 

■548 

■740 

■905 

., 

See  the  aiixiliary  tables,  pp.  104, 108,  and  111. 
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TEE  DISCHARGE  OF   WATER  FROM 


TABLE  V. — Co^fftdsntg  of  Discha/rge  for  dflfferent  SaiwB  of  the  Channel  to' the 
Onfiee. — Coefficients  tor  heads  in  still  water  '606  and  ■611.  See  equations  (44) 
and  (44a)  and  the  obsei-vations  thereon  at  p.  99. 


GoefScient  '606  for  heads  in 

Coefficient  -617  for  heads  in        1 

stiH  water. 

still  water 

Ratio 
of  the 

Ratio  of 

Coefficients 

Coefficients 

Ratio  of 

Coefficients 

Coefficients 

channe 

the  height 

for  orifices 

for  weirs : 

the  height 

for  orifices 

for  weirs  ; 

to  the 

due  to  the 

the  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

orifice. 

Telocity  of 

measured 

measured 

Telocity  of 

measured 

measured 

approach 

to  the 

thefuU 

approach 

to  the 

thefuU 

to  the  head 

centres. 

depth. 

to  the  head 

centres. 

depth. 

30- 

•000 

•606 

•606 

•000 

•617 

•617 

20- 

■001 

■606 

■607 

•001 

•617 

•618 

15- 

■002 

■607 

■607 

•002 

•618 

•619 

10- 

■004 

■607 

■609 

•004 

■618 

•620 

9-0 

•005 

■607 

■610 

•005 

•618 

•621 

8-0 

■006 

■608 

■611 

•006 

■619 

•622 

7-0 

■008 

•608 

■612 

•008 

■619 

•624 

6  0 

■010 

■609 

■615 

■Oil 

•620 

•626 

5-5 

•012 

■610 

■616 

■013 

•621 

•628 

5-0 

•015 

■611 

■619 

•015 

■622 

•630 

4-5 

•018 

■612 

■621 

•019 

■623 

•633 

4-0 

•023 

■613 

■625 

•024 

•624 

•637 

3-75 

•027 

•614 

■626 

•028 

•626 

•640 

3-50 

■031 

■615 

•631 

■032 

•627 

•643 

3-25 

■036 

■617 

•635 

■037 

•628 

•647 

3-00 

•043 

■619 

■640 

■044 

•630 

•653 

2-75 

■051 

■621 

■646 

■053 

•633 

•660 

2-50 

•062 

•625 

■664 

■065 

•637 

•668 

2-25 

•078 

■629 

•665 

■081 

■642 

•679 

2-00 

■101 

■636 

•681 

■105 

■649 

■696 

1-95 

■107 

■638 

•685 

•111 

■650 

■700 

1-90 

■113 

■639 

•689 

■118 

■652 

■704 

1-85 

■119 

■641 

■693 

■125 

■654 

■709 

1-80 

■128 

■644 

■698 

■133 

•657 

■714 

1-75 

■136 

■646 

■703 

■142 

•659 

•720 

1-70 

■146 

•649 

■709 

■552 

■662 

•726 

1-65 

■166 

■652 

■716 

•163 

•665 

•733 

1-60 

•167 

■655 

■723 

■175 

■669 

•741 

1-55 

■180 

•658 

•731 

■188 

•673 

•749 

1-50 

■195 

■662 

•739 

■204 

•677 

•759 

1-45 

•212 

■667 

•749 

•221 

•681 

■768 

1-40 

■231 

•672 

•760 

•241 

■687 

•780 

1-3S 

•262 

■678 

•772 

•264 

■694 

•793 

1-30 

•278 

■685 

•786 

•291 

■701 

■808 

1-25 

•307 

■693 

•803 

•322 

•709 

•825 

1-20 

■342 

■702 

•821 

•359 

■719 

•845 

1-15 

■384 

■713 

•843 

•404 

■731 

•868 

1-10 

■436 

■726 

•868 

•459 

■745 

•895 

1-05 

•499 

•742 

■898 

•527 

•763 

•928 

1-00 

•580 

•762 

•936 

•615 

•784 

•969 

See  the  auxiliary  taUes,  pp.  104, 108,  and  111. 
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TABZ^  V. — Co^gicienlf  <jf  Diiaharge  far  difftrmt  Batioa  of  the  ChaMnel  to  the 
Onfice. — Meaji  CoetBcient  'ezs.    Coefficients  for  heads  in  still  water  '628  and 


•63i 

.    See  equations  (44)  and  (44a)  and  the  observations  thereon  at 

p.  99. 

Coefficient  628  for  heads  in 

Coefficient  -639  for  heads  in         | 

still  water. 

still  water. 

Ratio 
of  the 

Batio  of     Coefficients 

Coefficients 

Ratio  of 

Coefficients 

Coefficients 

Bhannel 

the  height 

for  orifices : 

for  weirs : 

the  height 

for  orifices : 

for  weirs : 

.to  the 

due  to  the 

the  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

orifice. 

velocity  of 

measured 

measured 

velocity  of 

measured 

measured 

approach 

to  the 

thefuU 

approach 

to  the 

the  full 

to  the  head. 

centres. 

depth. 

to  the  head. 

oentresi 

depth. 

30- 

•000 

•628 

■628 

•000 

•639 

'639 

20- 

•001 

•628 

•629 

•001' 

•639 

'640 

15- 

■002 

■629 

•630 

'002 

■640 

'641 

10- 

■004 

•629 

•632 

•004 

•640 

=643 

9-0 

■005 

•630 

■632 

■005 

•641 

:644 

8-0 

■006 

•630 

•634 

•006 

"641 

'645 

7-0 

•008 

•631 

•635 

•008 

•642 

;647 

6-0 

•Oil 

•631 

•638 

•Oil 

•643 

'649 

5-5 

•013 

•632 

•640 

•014 

'643 

■651 

5-0 

•016 

•633 

•642 

'017 

•644 

!654 

4-5 

•020 

•634 

•645 

•021 

■646 

'657 

4-0 

•025 

•636 

•649 

.     -026 

■647 

•662 

3-75 

•029 

•637 

■652 

■030 

'648 

•665 

3-50 

•033 

•638 

■656 

^034 

'650 

■668 

3-25 

•039 

•639     , 

•659 

'040 

■652 

•673 

3-0 

•046 

•642 

•666 

■048 

■654 

•678 

2-75 

•055 

•645 

•672 

■057 

'657 

•686 

2-50 

•067 

•649 

•682 

•070 

■661 

•695 

2-25 

•084 

•654 

•694 

'088 

■666 

•708 

2-0 

•109 

•661 

•711 

•114 

■674 

••727 

1-95 

•116 

•663 

•715 

•120 

■676 

•731 

1-90 

•123 

•665 

•720 

■128 

■679 

•736 

1-85 

•130 

•668 

•725 

■135 

•681 

•741 

1-80 

•139 

•670 

•731 

•144 

•684 

•747 

1-75 

•148 

•673 

•737 

■154 

•686 

•753 

1-70 

•158 

•676 

•743 

■165 

•690 

•760 

1-65 

•169     . 

•679 

•750 

•176 

•693 

•768 

1-60 

•182 

•683 

•758 

•190 

•697 

;776 

1-55 

•196 

•687 

•767 

•205 

•701 

•786 

1-50 

•213 

•692 

•777 

•222 

•706 

•796 

1-45 

•231 

•697 

•788 

•241 

•712 

•808 

1-40 

•252 

•703 

■800 

•262 

•718 

•820 

1-35 

•276 

•709 

■814 

•289 

•725 

•836 

1-30 

■304 

•717 

■830 

•319 

•734 

•853 

1-25 

•338 

•726 

•846 

•354 

•743 

■872 

1-20 

•377 

•734 

■866 

•396 

■755 

■895 

1-15 

•425 

•750 

•894 

•447 

•769 

■921 

1-10 

•484 

•765 

•924 

•509 

•785 

■953 

1-05 

•557 

•784 

•959 

•588 

•805 

■991 

1-00 

•651 

•807 

1002 

•690 

•831 

1^038 

See  the  auxiliary  tables,  pp.  104,  lOS,  and  111. 
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THE  DISCHARGE  OF  WATER  FROM 


TASZB  V.—Co^guAmia  of  Bisohwrge  for  d^ermt  Baths  of  file  Chanmel  to  tie 
OrUlee. — Coefficients  for  heads  in  Btill  vater  '650  and  '667.  See  equations  (44) 
and  (44a)  and  the  observations  thereon  at  p.  99. 


Coefficient  -650  for  heads  in         I 

Coefficient  -667  for  heads  in        | 

still  water. 

stiU  water. 

Ratio 

of  the 

Ratio  of 

Coefficients 

Coefficients 

Ratio  of 

Coefficients 

Coefficients 

channel 

the  height 

tor  orifices : 

forv7eirs: 

the  height 

or  orifices : 

for  weirs: 

to  the 

due  to  the 

the  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

orifice. 

velocity  of 

measured 

measured 

velocity  of 

measured 

measured 

approach 

to  the 

the  full 

approach 

to  the 

the  full 

X)  the  head. 

centres. 

depth. 

to  the  head. 

centres. 

depth. 

30' 

-000 

•650 

•650 

-000 

■667 

•667 

20- 

■001 

•650 

•651 

•001 

•667 

■668 

15- 

•002 

•651 

•652 

•002 

•667 

■669 

lo- 

-004 

•651 

•654 

•004 

•668 

•671 

g- 

•005 

■652 

•655 

■006 

•669 

•672 

s' 

•007 

■652 

•656 

■007 

•669 

•673 

7-0 

■009 

■653 

•658 

■009 

•670 

•675 

6-0 

■012 

■654 

•661 

■012 

•671 

•678 

5-5 

■014 

■655 

•663 

■015 

•672 

•680 

5-0 

■017 

■656 

•665 

■018 

•673 

■682 

4-5 

•021 

■657 

•669 

•022 

•674 

■687 

4-0 

•027 

■659 

.•674 

•029 

•676 

■692 

3-75 

•031 

-660 

•677 

•033 

•678 

■696 

3-50 

•036 

-662 

•681 

•038 

•679 

■700 

3-25 

•042 

-663 

•686 

•044 

•681 

•705 

3-0 

•049 

•666 

■692 

•052 

•684 

•711 

2-75 

•059 

•669 

•699 

•062 

•687 

■720 

2-50 

•073 

•673 

•709 

•077 

•692 

•731 

2-25 

■091 

•679 

■723 

•096 

•698 

•745 

2-0 

■118 

■687 

•742 

•125 

•707 

•766 

1-95 

■125 

■689 

•747 

•132 

•709 

•771 

1-90 

•133 

■692 

•752 

•140 

■712 

•777 

1-85 

•141 

■694 

•758 

•149 

•715 

•783 

1-80 

•150 

■697 

•764 

•159 

'718 

•790 

'  1-75 

•160 

■700 

•771 

•170 

721 

•797 

1-70^ 

•172 

•704 

•779 

•182 

•725 

•805 

1-65 

•184 

•707 

•786 

•195 

•729 

•814 

1-60 

•198 

•711 

•795 

•210 

•733 

•823 

1-55 

•213 

•716 

•805 

•227 

•738 

•833 

1-50 

•231 

•721 

•816 

•246 

•744 

•846 

1-45 

•251 

•727 

•828 

•268 

•751 

•859 

1-40 

•275 

•734 

•842 

■293 

•758 

•874 

1-35 

'    ^302 

•742 

•858 

•322 

•764 

•888 

1-30 

•333 

•751 

•876 

•356 

•776 

•911 

1-25 

•371 

•761 

•896 

•398 

•788 

•934 

1-20 

•415 

•773 

•920 

•446 

•802 

■961 

1-15 

•469 

•788 

•949 

•506 

•818 

■992 

1-10 

•537 

•806 

•983 

■580 

•838 

1^030 

1-05 

•621 

•828 

1^024 

■675 

•863 

1^076 

1-00 

•732 

•855 

1^074 

•800 

•894 

1^133 

See  the  auxiliary  tables,  pp.  104, 108,  and  111. 
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TASLS  V, — Cbf^cienJA  of  IHicharge  for  different  Satios  of  ike  Channel  to  tTte 
Orifice. — Coefficients  for  heads  in  still  water  V^  =  'TOTl  and  1.  See  equa- 
tions (44)  and  (44a)  and  the  observations  thereon  at  pp.  98  and  99. 


_ 

Coefficient  I'OOO  for  heads  in  still 

Coefficient  -707  tor  heads  in 
still  ^ater. 

water,  and  multipliers  of  c^  in  equa- 

Ratio 
of  the 
channel 

tions  (45a)  and  (46a),  which  see. 

Batio  of     Coe 

Scients 

Coefficients 

Eatio  of 

Coefficients 

Coefficients 

to  the 

the  height  for 

orifices : 

for  weirs : 

the  height 

for  orifices : 

for  weirs : 

orifice. 

due  to  the     th 

3  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

Telocity  of    me 

asured 

measured 

velocity  of 

measured 

measured 

approach         t 

othe 

the  full 

approach 

to  the 

the  full 

to  the  head,     ce 

ntres. 

depth. 

to  thejhead. 

centres. 

depth. 

30- 

■001 

707 

■708 

■001 

1^001 

1-002 

20- 

•001 

708 

■708 

•003 

1^001 

1-004 

15- 

•001 

708 

■709 

■005 

1-002 

1^006 

10- 

■005 

709 

■712 

■010 

1-005 

1^014 

9- 

•006 

709 

•713 

•013 

1-006 

1-017 

8- 

•008 

710 

■714 

•016 

1-008 

1-021 

7- 

•010 

711 

■717 

•021 

1010 

1-028 

6- 

■014 

712 

■721 

•029 

1-014 

1-038 

5g 

■017 

713 

■723 

•034 

1-017 

1-045 

5-0 

•020 

714 

■727 

•041 

1-021 

1-055 

4-5 

•025 

716 

■731 

•052 

1-026 

1-067 

4-0 

•032 

718 

•737 

•067 

1-033 

1-084 

3-75 

•037 

720 

■742 

•077 

1^038 

1-096 

3-50 

•043 

722 

■747 

•089 

1-044 

1-110 

3-25 

■050 

724 

■753 

•105 

1-051 

1-127 

3-00 

•059 

728 

■760 

•125 

1-061 

1-149 

2-75 

•071 

732 

■770 

•152 

1-073 

1-178 

2-50 

•087 

737 

■783 

•190 

■  1-091 

1-216 

2-25 

•110 

745 

•801 

•246 

1-116 

1-269 

2  00 

•143 

756 

•826 

•333 

1-155 

1-347 

1-95 

•151 

759 

•832 

•356 

1-165 

1-367 

1-90 

•161 

762 

•839 

•383 

1-176 

1-389 

1-85 

•171 

765 

•846 

•412 

1-188 

1-413 

1-80 

■182 

769 

■854 

•446 

1-203 

1-441 

1-75 

■195 

773 

•863 

■484 

1-218 

1-471 

1-70 

■209 

778 

■873 

■529 

1-237 

1-505 

1-65 

■225 

783 

•883 

■579 

1-257 

1-543 

1-60 

■243 

788 

•895 

•641 

1-281 

1-589 

1-55 

■263 

795 

•908 

•711 

1-308 

1-638 

1-50 

■286 

802 

•923 

■800 

1-342 

1-699 

1-45 

■312 

810 

•939 

■903 

1-379 

1-767 

1-40 

■342 

819 

•958 

1^042 

1-429 

1-854 

1-35 

■378 

830 

■980 

1-216 

1-489 

1-958 

1-30 

■421 

842 

1-003 

1^449 

1-565 

2-088 

1-25 

■471 

857 

1-033 

1^778 

1-667 

2-259 

1-20 

■532 

875 

1-066 

2^273 

1-810 

2-499 

1-15 

■608 

897 

1^107 

3^100 

2-025 

2-844 

1-10 

■704 

923 

1-155 

4^762 

2-400 

3-440 

1-05 

■830 

957 

1-216 

9^756 

3-280 

4-803 

1-00 

1^000          1 

000 

1^293 

infinite. 

infinite. 

infinite. 

pp.  112,  113. 
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THE  DISCS ARGE  OF   WATER  FROM 


TABLB  VI.— The  Siaeliarge  over  Weirs  or  Notches  cf  one  foot  m  length,  in  Ouhia 
feet  per  mjuMte.— Depths  J  inch  to  10  inches.  Obbatek  roEFFioiEjna  '667 
*?.  '6VT.—,The  Formuke  at  the  heads  of  the  Colimns  give  the  Value  of  the 
Ihscharge,  D,  m  OuhU:  feet  per  mimute,  when  I,  the  length  of  the  Weir,  is  taken 
in  feet,  and  the  head,  h,  in  inehst.  For  I  "^1?  we  mag  suistiiute  I  h  '^H,  retaining 
the  same  sta/ndards. 


S6a.ds 

Theoretical 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

in 

discharge, 

■667. 

•660. 

■639. 

■628. 

■617. 

inclies. 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

7-7ilV  A3, 

6-16  I Vl^. 

5-02  I Vh\ 

4-93  I  Vh". 

i-sbWh^. 

4^76  I  Vas. 

•25 

■965 

-644 

-627 

■617 

■606 

■596 

■5 

2-730 

1-821 

1-775 

1-744 

1^714 

1^684 

■75 

5-016 

3-345 

3-260 

3-205 

3^150 

3^095 

1- 

'  7-722 

5-151 

5-019 

4-934 

4^849 

4-764 

1-25 

10-792 

7-198 

7-015 

6^896 

6^777 

6  ■659 

1-5 

14-186 

9-462 

9-221 

9^065 

8^909 

8-753 

1-75 

17-877 

11-924 

11-620 

11-423 

11^227 

11-030 

2- 

21-842 

14-569 

14-197 

13-957 

13-717 

13-477 

2-25 

26-062 

17-383 

16-940 

16-654 

16-367 

16-080 

2-5 

30-524 

20-360 

19-841 

19-505 

19-169 

18-833 

2-75 

35-215 

23-489 

22-890 

22-503 

22-115 

21-728 

3- 

40-125 

26-763 

26-081 

25-640 

25-199 

24-757 

3-25 

45-244 

30-178 

29-408 

28-911 

28-413 

27-915 

3-5 

50-563 

33-726 

32-866 

32-310 

31-754 

31-197 

3-75 

56-077 

37-403 

36-450 

35-833 

35-216 

34-599 

4- 

61-777 

41-205 

40-155 

39-476 

38-796 

38-116 

4-25 

67-668 

45-128 

43-978 

43-233 

42-489 

41-745 

4-5 

73-714 

49-167 

47-914 

47-103 

46-292 

45-482 

4-75 

79-942 

53-321 

51-962 

51-083 

50-203 

49-324 

5- 

86-335 

.    57-585 

56-118 

55-168 

54-218 

53-269 

5-25 

92-891 

61-958 

60-379 

59-357 

58-335 

57-314 

5-5 

99-604 

66-436 

64-743 

63-647 

62-551 

61-456 

5-75 

106-472 

71-017 

69-207 

68-036 

66^864 

65-693 

6- 

113-491 

75-698 

73-769 

72-521 

71^272 

70-024 

6-25 

120-657 

80-478 

78-427 

77-100 

75-772 

74-445 

6-5 

127-969 

85-355 

83-180 

81-772 

80-365 

78-957 

6-75 

135-422 

90-326 

88-024 

86-535 

85-045 

83-556 

7-' 

143-015 

95-391 

92-960 

91-387 

89-813 

88-240 

7-25 

150 -744 

100-646 

97-983 

96-325 

94-667 

93^009 

7-5 

158-608 

105-792 

103-095 

101-350 

99-606 

97^861 

7-75 

166-604 

111-125 

108-292 

106-460 

104-627 

102^795 

8- 

174-731 

116-546 

113-575 

111  ■653 

109-731 

107^809 

8-25 

182-984 

122-051 

118-940 

116^927 

114-914 

112^901 

8-5 

191-365 

127-640 

124-387 

122^282 

120-177 

118^072 

8-75 

199-869 

133-313 

129-915 

127-716 

125-518 

123-319 

9- 

208-496 

139-067 

135-522 

133-229 

130-935 

128-642 

9-25 

217-243 

144-901 

141-207 

138-818 

136-428 

134-039 

9-5 

226-111 

150-816 

146-972 

144-485 

141-997 

139-510 

9-75 

235-093 

156-807 

152-810 

150-225 

147-639 

145-053 

10- 

244-193 

162-877 

158-725 

156-039 

153-353 

150-666 

See  pp.  114  to  133. 
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TJJBZE  VI. — The  Discharge  over  Weirs  or  Notches  of  one  foot  in  lengthy  m  Cubic 
feet  per  minute. — Depths  10  "25  inches  to  32  inches.  Greater  coefficients 
"667  TO  '617. — The  Formulce  at  the  heads  of  the  Columns  give  the  Value  of  the 
Discharge^  I>,  tn  Guhio  feet  per  minute,  when  I,  the  length  of  the  Weir,  is  taken 
in  feet,  and  the  head,  h,  in  inches.  For  I  "v  A*  we  map  substitute  I  h'^h,  retaming 
the  sa 


rheoretical 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Heads 

discharge. 

•667. 

■650. 

■639. 

•628. 

•617. 

in 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

inches. 

r-72 1  Vk\ 

6  16  I  V^. 

5  02  I  Vh'. 

f93  I  v'p. 

4-86  I  •V'i5. 

i-76l^h'. 

10-25 

253-407 

169-023 

164-715 

161-927 

159-140 

156-352 

10-5 

262-734 

175-244 

170-777 

167-887 

164-997 

162-107 

10-75 

272-173 

181-450 

176-913 

173-919 

170-925 

167-931 

11- 

281-723 

187-909 

183-120 

180-021 

176-922 

173-823 

11-25 

291-382 

194-352 

189-398 

186-193 

182-988 

179-782 

11-5 

301-148 

.200-866 

195-746 

192-434 

189-121 

185-808 

11-75 

311-024 

207-451 

202-164 

198-743 

195-321 

191-900 

12- 

321- 

214-107 

208-650 

205-119 

201-588 

198-057 

12-5 

341-275 

227-628 

221-826 

218-072 

214-318 

210-564 

IS- 

361-950 

241-421 

235-268 

231-286 

227-305 

223-323 

IS -5 

383-031 

255-482 

248-970 

244-757 

240-543 

236-330 

14- 

404-507 

269-806 

262-930 

258-480 

254-030 

249-581 

14-5 

426-368 

284-387 

277-139 

272-449 

267-759 

263-069 

15- 

448-611 

299-223 

291-597 

286-662 

281-728 

276-793 

15-5 

471-228 

314-309 

306-298 

301-115 

295-931 

290-748 

16- 

494-212 

329-639 

321-238 

315-801 

310-365 

304-929 

16-5 

517-558 

345-211 

336-413 

330-720 

325-026 

319-333 

17- 

541-261 

361-021 

351-820 

345-866 

339-912 

333-958 

17-5 

565-315 

377-065 

367-455 

361-236 

355-018 

348-799 

IS- 

589-715 

393-340 

383-315 

376-828 

370-341 

363-854 

IS -5 

614-443 

409-833 

399-388 

392-629 

385-870 

379-111 

19- 

639-533 

426-569 

415-696 

408-662 

401-627 

394-592 

19-6 

664-944 

443-518 

432-214 

424-899 

417-585 

410-270 

20- 

690-682 

460-685 

448-943 

441-346 

433-748 

426-151 

20-5 

716-737 

478-064 

465-879 

457-995 

450-111 

442-227 

21- 

743-125 

495-664 

483-031 

474-857 

466-683 

458-508 

21-5 

769-823 

513-472 

500-385 

491-917 

483-449 

474-981 

22- 

796-832 

531-487 

517-941 

509-176 

500-410 

491-645 

22-5 

824-151 

549-709 

535-698 

526-632 

517-567 

508-501 

23- 

851-775 

568-134 

553-654 

544-284 

534-915 

525-545 

23-5 

879-700 

586-760 

571-805 

562-128 

552-452 

542-775 

24- 

907-925 

605-586 

590-151 

580-164 

570-177 

560-190 

25- 

965-253 

643-824 

627-414 

616-797 

606-179 

595-561 

26- 

1023-748 

682-840 

665-436 

654-175 

642-914 

631-653 

27- 

1083-375 

722-611 

704-194 

692-277 

680-360 

668-442 

28- 

1144-116 

763-125 

743-675 

731-090 

718-505 

705-920 

29- 

1205-950 

804-369 

783-868 

770-602 

757-337 

744-071 

30- 

1268-864 

846-332 

824-762 

810-804 

796-847 

782-889 

31- 

1332-833 

889-000 

866-341 

851-680 

837-019 

822-358 

32- 

1397-842 

932-361 

908-597 

893-221 

877-845 

862:469 

See  pp.  Hi  to  133. 
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TEE  DISCHARGE  OF   WATER  FROM 


TASLE  VI. — The  Discharge  over  Weirs  or  l^oiehes  of  one  foot  m  lenffth,  m  Cubic 
feet  per  tmnute. — Depths  33  inches  to  72  inches.  Gebater  coefficients 
"667  to  •617. — The  Formul<B  at  the  heads  of  the  CoVumas  gi/oe  the  Value  of  the 
Discharge,  D,  m  CuUc  feet  p&r  miimte,  when  I,  the  length  of  the  Weir,  is  taken 
m  feet  J  and  the  head,  h,  m  inches.  For  I  "v  fts  we  ma^  substitute  I  h  "^^  &,  retaming 
the  same  standoA'ds. 


Theoretical 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Heads 

discharge, 

•667. 

■660. 

■639. 

■628. 

■617. 

in 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

inches. 

7-72 1  Vy. 

5-15  iVjs. 

6-02i  Va8 

4-93  I  v'iS. 

4  ■86  I  Vk 

4-76  I  -^W. 

33- 

1463-875 

976-405 

951-519 

935-416 

919-314 

903-211 

34- 

1530-917 

1021-122 

995-096 

978-256 

961-416 

944-676 

.  35- 

1598-951 

1066-500 

1039-318 

1021  '730 

1004-141 

986-653 

36- 

1667-964 

1112-532 

1084-177 

1065-829 

1047-481 

1029-134 

37- 

1737-943 

1159-208 

1129-663 

1110-546 

1091-428 

1072-311 

38- 

1808-875 

1206-520 

1175-769 

1155-871 

1135-974 

1116-076 

39- 

1880-746 

1254-468 

1222-485 

1201-797 

1181-108 

1160-420 

40- 

1953-544 

1303-014 

1269-804 

1248-315 

1226-826 

1206-337 

,  41- 

2027-258 

1352-181 

1317-718 

1295-418 

1273-118 

1260-818 

42- 

2101  -876 

1401-951 

1366-219 

1343-099 

1319-978 

1296-857 

43- 

2177-387 

1452-317 

1415-302 

1391-350 

1367-399 

1343-448 

44- 

2253-783 

1603-273 

1464-959 

1440-167 

1415-376 

1390-584 

45- 

2331-052 

1554-812 

1515-184 

1489-542 

1463-901 

1438-259 

46- 

2409-183 

1606-925 

1565-969 

1539-468 

1612-967 

1486-466 

47- 

2488-170 

1659-609 

1617-311 

1589-941 

1562-571 

1535-201 

48- 

2568- 

1712-856 

1669-200 

1640-952 

1612-704 

1584-456 

49- 

2648-666 

1766-660 

1721-633 

1692-498 

1663-362 

1634-227 

SC- 

2730-160 

1821-021 

1774-604 

1744-572 

1714-640 

1684-509 

SI- 

2812-474 

1876-920 

1828-108 

1797-171 

1766-234 

1735-296 

52- 

2895-597 

1931-363 

1882-138 

1860-286 

1818-435 

1786-583 

53- 

2979-525 

1987-343 

1936-691 

1903-916 

1871-142 

1838-367 

54- 

3064-253 

2043-857 

1991-764 

1958-058 

1924-351 

1890-644 

55- 

3149-765 

2100-887 

2047-341 

2012-693 

1978-046 

1943-399 

56- 

3236-050 

.2158-445 

2103-433 

2067-836 

2032-239 

1996-643 

57- 

3323-117 

2216-519 

2160-026 

2123-472 

2086-917 

2050-363 

58- 

3410-946 

2275-101 

2217-115 

2179-594 

2142-074 

2104-554 

59- 

3499-542 

2334-195 

2274-702 

2236-207 

2197-712 

2159-217 

60- 

3588-889 

2393-789 

2332-778 

2293-300 

2253-822 

2214-344 

61- 

3678-984 

2463-882 

2391-340 

2360-871 

2310-402 

2269-933 

62- 

3769-825 

2514-473 

2450-386 

2408-918 

2367-460 

2325-982 

63- 

3861-393 

2575-549 

2509-905 

2467-430 

2424-955 

2382-479 

64- 

3963-694 

2637-114 

2569-901 

2526-410 

2482-920 

2439-429 

65- 

4046-720 

2699-162 

2630-368 

2585-854 

2641-340 

2496-826 

66- 

4140-465 

2761-690 

2691-302 

2645-757 

2600-212 

2564-667 

67- 

4234-922 

2824-693 

2752-699 

2706-115 

2659-531 

2612-947 

68- 

4330-086 

2888-167 

2814-566 

2766-925 

2719-294 

26^1-663 

69- 

4426-964 

2952-111 

2876-870 

2828-185 

2779-499 

2730-814 

70- 

4522-516 

3016-518 

2939-635 

2889-888 

2840-140 

2790-392 

IV 

4619-774 

3081-389 

3002-853 

2952-036 

2901-218 

2850-401 

n- 

4717-718 

3146-718 

3066-518 

3014-622 

2962-727 

2910-832 

See  pp.  114  to  133. 
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TABZIi  VI.— The  VUcharae  over  Weirs  or  Natelei  of  one  foot  m  length,  m  OuUo 
feet  ^er  mimite. — Depths  |  inch  to  10  incheB.  Lesser  coefficients  "606 
to  "618. — T?ie  Formula  at  the  heade  tf  the  CoUmm  am  the  Value  cf  the 
IHacharge,  D,  in  Oubic  feel  per  wmute,  when  I,  the  length  if  the  Weir,  is  taken 
in  feel,  and  the  head,  h,  in  inches.  Ibr  I  v'^  ne  may  sulatHtite  I  h  "^h,  retaining 
the  same  standards. 


Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient  ^ 

Heads 

■606. 

-695. 

-684. 

-562. 

-540. 

•618. 

in 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

inches. 

4-68  I  V^P. 

4-69  I  Vj3. 

4-61  I  "^hK 

i-si  I'^ii^. 

4-17  I  ^hK 

4  J  V  J3. 

•25 

•585 

•574 

-564 

•542 

•521 

-500 

■5 

1^654 

1^624 

1-504 

1-534 

1-474 

1-414 

•75 

3^039 

2^985 

2-929 

2-819 

2-708 

2-598 

!• 

4-680 

4'595 

4-510 

4-340 

4-170 

4-000 

1^25 

6-540 

6^421 

6-303 

6-065 

5-828 

5-590 

1'5 

8-597 

8^441 

8-284 

7-973 

7-660 

7-348 

r75 

10-833 

10  637 

10-440 

10-047 

9-653 

9-260 

2- 

13-236 

12^996 

12-756 

12-275 

11-795 

11-314 

2^25 

15-794 

15^507 

15-220 

14-647 

14-073 

13-500 

2^5 

18-498 

18-162 

17-826 

17-155 

16-483 

15-811 

2^75 

21-340 

20-953 

20-556 

19-791 

19-016 

18-241 

3^ 

24-316 

23-874 

23-433 

22-550 

21-668 

20-785 

325 

27-418 

26-920 

26-422 

25-427 

24-432 

23-436 

3-5 

30-641 

30-085 

29-529 

28-416 

27-304 

26-192 

3^75 

33-982 

33-366 

32-749 

31-515 

30-281 

29-048 

4- 

37-437 

36-757 

36-078 

34-719 

33-360 

32-000 

4^25 

41-001 

40-256 

39-512 

38-024 

36-535 

35-047 

4^5 

44-671 

43-860 

43-049 

41-427 

39-806 

38-184 

4^75 

48-445 

47-565 

46-686 

44-927 

43-169 

41-410 

5- 

52-319 

51^369 

50-420 

48-520 

46-621 

44-722 

5  25 

56-292 

55^270 

54-248 

62-205 

50-161 

48-117 

5-5 

60^360 

59^264 

58-169 

55-977 

53-786 

51-595 

5^75 

64^522 

63-351 

62-180 

59-837 

57-495 

55-153 

6^ 

68-776 

67-527 

66-279 

63-782 

61-285 

58-788 

6^25 

73-118 

71-791 

70-464 

67-809 

65-155 

62-500 

6-5 

77-549 

76-142 

74-734 

71-919 

69-103 

66-288 

6-75 

82-066 

80-576 

79-086 

76-107 

73-128 

70-149 

7- 

86-667 

85-094 

83-521 

80-374 

77-228 

74-082 

7^25 

91-351 

89-693 

88-034 

84-718 

81-402 

78-085 

7-5 

96-116 

94-372 

92-627 

89-138 

85-648 

82-159 

7-75 

100-962 

99-129 

97-297 

93-631 

89-966 

86-301 

8- 

105-887 

103-965 

102-043 

98-199 

94-355 

90-511 

8^25 

110-889 

108-876 

106-863 

102-837 

98-812 

94-786 

8^5 

115-967 

113-862 

111-757 

107-547 

103-337 

99-127 

8^75 

121-121 

118-922 

116-723 

112-326 

107-929 

103-532 

9^ 

126-349 

124-055 

121-762 

117-175 

112-588 

108-001 

9^25 

131-649 

129-259 

126-870 

122-090 

117-311 

112-532 

9^5 

137-023 

134-535 

132-048 

127-074 

122-100 

117-125 

9-75 

142-467 

139-881 

137-294 

132-122 

126-950 

121-778 

10- 

147-991 

145-295 

142-609 

137-237 

131-864 

126-492 

See  pp.  m 

to  133. 
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THE  mSOHARGE  OF   WATER  FROM 


TABLE  VI. — The  Bischwrge  over  Wet/fs  or  Notches  of  one  foot  in  length  in  Cubic 
feet  per  tninute, — Depths  10*25  inches  to  32  inches.  Lesser  cobfficiewts 
■606-to  'SIS. — The  Fomrnlee  at  the  heads  of  the  Columns  give  the  YaUie  of  the 
Disoha/rge,  D,  in  Cubic  feet  p&r  minute,  when  I,  the  length  of  the  Wevr,  is  taken 
iaifeet,  and  the  head^  h,  in  inches.  For  I  "V  A*  wc  may  substitute  I  h  ^k,  retaining 
the  same  standao'ds. 


, 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Heads 

■606. 

■695. 

-584. 

-662. 

-640. 

-518. 

in 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

inches. 

4-68«v'a3. 

4-69  I  "^V. 

4-61  I  v'iS. 

4-34  Z  V43. 

4-ir  i^t?. 

4ivr» 

10-25 

153-565 

\50-111 

147-990 

142-415 

136-840 

131-265 

10 

5 

159-217 

156-327 

153-437 

147-657 

141-876 

136-096 

10 

75 

164-937 

161-943 

158-949 

152-961 

146-974 

140-986 

11 

170-724 

167-625 

164-526 

158-328 

152-130 

145-933 

11 

25 

176-577 

173-372 

170-167 

163-756 

157-346 

150-936 

11 

5 

182-496 

179-183 

175-870 

169-245 

162-620 

155-995 

11 

75 

188-479 

185-059 

181-636 

174-794 

167-952 

161-109 

12 

194-526 

190-995 

187-464 

180-402 

173-340 

166-278 

12 

5 

206-810 

203-056 

199-302 

191-794 

184-286 

176-778 

13 

219-342 

215-360 

211-379 

203-415 

195-453 

187-490 

13 

5 

232-117 

227-903 

223-690 

215-263 

206-837 

198-410 

14 

245-131 

240-682 

236-232 

227-333 

218-434 

209-535 

14 

5 

258-379 

253-689 

248-999 

239-619 

230-239 

220-859 

15 

271-858 

266-924 

261-989 

252-119 

242-250 

232-380 

15 

5 

285-564 

280-381 

275-197 

264-830 

254-463 

244-096 

16 

299-492 

294-056 

288-620 

277-747 

266-875 

266-001 

16 

5 

313-640 

307-947 

302-253 

290-868 

279-481 

268-095 

17 

328-004 

322-050 

316-096 

304-189 

292-281 

280-373 

17 

5 

342-581 

336-362 

330-144 

317-707 

305-270 

292-833 

18 

357-367 

350-880 

344-394 

331-420 

318-446 

305-472 

18 

5 

372-352 

365-594 

358-835 

345-317 

331-799 

318-241 

19 

387-557 

380-522 

373-487 

359-418 

345-348 

331-278 

19 

5 

402-956 

395-642 

388-327 

373-699 

359-070 

344-441 

20 

418-553 

410-959 

403-358 

388-163 

372-968 

357-773 

20 

5 

434-343 

426-458 

418-574 

402-806 

387-038 

371-270 

21 

450-334 

442-159 

433-985 

417-636 

401-288 

384-939 

21 

5 

466-513 

458-045 

449-577 

432-641 

415-704 

398-768 

22 

482-880 

474-115 

465-350 

447-819 

430-289 

412-759 

22 

5 

499-436 

490-370 

481-304 

463-173 

445-042 

426-910 

23 

517-176 

506-806 

497-437 

478-698 

459-959 

441-219 

23 

5 

533-098 

523-421 

513-745 

494-391 

475-038 

455-685 

24 

550-203 

540-215 

530-228 

510-254 

490-280 

470-305 

25 

584-943 

574-326 

563-708 

542-472 

521-237 

500-001 

26 

620-391 

609-130 

597-869 

575-346 

552-824 

530-301 

27 

656-525 

644-608 

632-691 

608-857 

585-023 

561-188 

28 

693-334 

680-749 

668-164 

642-993 

617-823 

592-652 

29 

730-806 

717-540 

704-275 

677-744 

651-213 

624-682 

30 

768-932 

754-974 

741-017 

713-102 

685-187 

657-272 

31 

807-697 

793-036 

778-374 

749-052 

719-730 

690-407 

32- 

847-092 

831-716 

816-340 

785-587 

754-835 

724-082 

See  pp.  114  to  133. 
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TABLS  VI, — TAe  Diacharge  over  Weirs  tyr  Notches  of  one  foot  in  length,  aw  Cubic 
feet  ver  minute,— Depika  33  inches  to  72  inolies.  Lesser  CoErFioiENTS 
•606  to  -SIS. — The  FormwltB  at  the  heads  of  tlw  Columns  gioe  the  Value  qf 
the  Discharge,  D,  in  Cubic  feet  per  minute,  when  I,  the  length  of  the  Weir,  is 
taken  ira  feet,  and  the  head,  h,  in  incites,  l^or  I  v'fts  vie  may  substitute  Ih'^  h, 
retaining  the  same  standards. 


Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Hea( 

^           -606. 

-696. 

•684. 

-662. 

■640. 

-518 

in 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

inche 

^-  4-68*^*3. 

4-59  I  Vfes 

4-61 1  v'fts. 

4-34  I  V43 

4-17 1  yT\ 

4 1  vr». 

33 

887-108 

871-006 

854^903 

822^698 

790-493 

758-287 

34 

927 '736 

910-896 

894 '056 

860-375 

826-695 

793-015 

35 

968-964 

951-376 

933-787 

898-610 

863-434 

828-257 

36 

1010-786 

992-439 

974-091 

937-396 

900-701 

864-005 

37 

1053-193 

1034-076 

1014-959 

976-724 

938-489 

900-254 

38 

1096-178 

1076-281 

1056-383 

1016-588 

976-793 

936-997 

39 

1139-732 

1119-044 

1098-356 

1056-979 

1015-603 

974-226 

40 

1183-848 

1162-359 

1140-870 

1097-892 

1054-914 

1011-936 

41 

1228-518 

1206-219 

1183-919 

1139-319 

1094-719 

1050-120 

42 

1273-737 

1250-616 

1227-496 

1181-254 

1135  013 

1088-772 

43 

1319-497 

1295-545 

1271-594 

1223-691 

1175-789 

1127-886 

44 

1365-792 

1341-001 

1316-209 

1266-626 

1217-043 

1167-460 

45 

1412-618 

1386-976 

1361-334 

1310-051 

1258-768 

1207-485 

46 

1459-965 

1433-464 

1406-963 

1353-961 

1300-959 

1247-957 

47 

1507-831 

1480-461 

1453-091 

1398-352 

1343-612 

1288-872 

48 

1556-208 

1527-960 

1499-712 

1443-216 

1386-720 

1330-224 

49 

1605-092 

1575-956 

1546-821 

1488-550 

1430-280 

1372-009 

50 

1654-477 

1624-445 

1594-413 

1534-350 

1474-286 

1414-223 

51 

1704-359 

1673-422 

1642-485 

1580-610 

1518-736 

1456-862 

52 

1754-732 

1722-880 

1691-029 

1627-326 

1563-622 

1499-919 

53 

1805-592 

1772-817 

1740-043 

1674-493 

1608-944 

1543-394 

54 

1856-937 

1823-231 

1789-524 

1722-110 

1654-697 

1587-283 

55 

1908-751 

1874-104 

1839-457 

1770-162 

1700-868 

1631-573 

56 

1961-046 

1925-450 

1889-853 

1818-660 

1747-467 

1676-274 

57 

2013-809 

1977-255 

1940-700 

1867-592 

1794-483 

1721-375 

58 

2067-033 

2029-513 

1991-992 

1916-952 

1841-911 

1766-870 

59 

2120-722 

2082-227 

2043-733 

1966-743 

1889-753 

1812-763 

60 

2174-867 

2135-389 

2095-911 

2016-956 

1938-000 

1859-045 

61 

2229-464 

2188-995 

2148-527 

2067-589 

1986-651 

1905-714 

62 

2284-514 

2243-046 

2201-578 

2118-642 

2035-706 

1962-769 

63 

2340-004 

2297-529 

2255-054 

2170-103 

2085-152 

2000-202 

64 

2395-939 

2352-448 

2308-957 

2221  -976 

2134-995 

2048-013 

65 

2452-312 

2407-798 

2363-284 

2274-257 

2185-229 

2096-201 

66 

2509-122 

2463-577 

2418-032 

2326-941 

2235-861 

2144^761 

67 

2566-363 

2519-779 

2473-194 

2380-026 

2286-858 

2193-690 

68 

2624-032 

2576-401 

2528-770 

2433-508 

2338-246 

2242-985 

69 

2682-128 

2633-443 

2584-757 

2487-386 

2390-015 

2292-644 

70 

2740-645 

2690-897 

2641-149 

2541-654 

2442-159 

2342-663 

71 

2799-583 

2748-766 

2697-948 

2596-313 

2494-678 

2393-043 

72 

2858-937 

2807-042 

2755-147 

2661-358 

2547-568 

2443-778 

See  pp.  114  to  133. 
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THE  mSGMAUQE  OF   WATER  FROM 


TASLE  VII. — JFbrJmdmg  the  Mean  Veloeity  from  the  Mascimnm  Velociiif  at  the 
Sv/rface,  in  Mill  IRaeeSf  Streams,  and  Swera  wiih  wniform  Cka/nnelsj  a/nd  the 
Maximum  Velociiy  from  the  Mean  Velocity. 

For  tne  Velocity  in  feet  per  minute,  multiply  by  5. 


a&i 

4i 

f.S| 

a&t 

a  a  a 

hi 

.S-S-^ 

•S»'§ 

588 

§9° 

ill 

al^ 

IP 

o  S  a> 

til 

a  :3  §3 

■&1  ° 

sis 

3»p< 

[»•§  p. 

t» "  p. 

s^p- 

°^pi 

g  °  p. 

gap, 

"■ga 

^Op, 

lll 

s  if  •! 

ill 

•Pl 

ill 

•PI 

iai 

III 

)^5| 

i|i 

1^.1 

III 

^ii 

1^1 

a|| 

10  ir* 

1 

■84 

•75 

41 

34-24 

33-37 

81 

67-64 

68-86 

2 

1-67 

1-51 

42 

35-07 

34-23 

82 

68-47 

69-77 

3 

2-51 

2-27 

43 

35-91 

35-09 

83 

69-31 

70-68 

4 

3-34 

3-04 

44 

36-74 

35-95 

84 

70-14 

71-59 

5 

4-18 

3-81 

45 

37-58 

36-82 

85 

70-98 

72-50 

6 

5-01 

4-58 

46 

38-41 

37-69 

86 

71-81 

73-42 

7 

5-85 

5-36 

47 

39-25 

38-56 

87 

72-65 

74-33 

8 

6-68 

6-14 

48 

40-08 

39-43 

88 

73-48 

75-24 

9 

7-52 

6-92 

49 

40-92 

40-30 

89 

74-32 

76-16 

10 

8-35 

7-71 

50 

41-75 

41-17 

90 

75-15 

77-08 

,  11 

9-19 

8-50 

51 

42-59 

42-05 

91 

75-99 

77-99 

12 

10-02 

9-29 

52 

43-42 

42-92 

92 

76-82 

78-91 

13 

10-86 

10-09 

53 

44-26 

43-80 

93 

77-66 

79-83 

14 

11-69 

10-88 

54 

45-09 

44-68 

94 

78-49 

80-75 

15 

12-53 

11-69 

55 

45-93 

45-56 

95 

79-33 

81-67 

16 

13-36 

12-49 

56 

46-76 

46-44 

96 

80-16 

82-59 

17 

14-20 

13-30 

57 

47-60 

47-32 

97 

81-00 

83-51 

18 

15-03 

14-11 

58 

48-43 

48-21 

98 

81-83 

'84-43 

19 

15-87 

14-92 

59 

49-27 

49-09 

99 

82-67 

85-36 

20 

16-70 

15-73 

60 

50-10 

49-98 

100 

83-50 

86-28 

21 

17-54 

16-55 

61 

50-94 

50-87 

101 

84-34 

87-20 

22 

18-37 

17-37 

62 

51-77 

51-76 

102 

85-17 

88-13 

23 

19-21 

18-19 

63 

52-61 

52-65 

103 

86-01 

89-06 

24 

20-04 

19-02 

64 

53-44 

53-54 

104 

86-84 

89-98 

25 

20-88 

19-85 

65 

54-28 

54-43 

105 

87-68 

90-91 

26 

21-71 

20-68 

66 

55-11 

55-33 

106 

88-51 

91-84 

27 

22-55 

21-51 

67 

55-95 

56-22 

107 

89-35 

92-77 

28 

23-38 

22-34 

68 

56-78 

57-12 

108 

90-18 

93-69 

29 

24-22 

23-18 

69 

57-62 

58-02 

109 

91-02 

94-62 

30 

25-05 

24-02 

70 

58-45 

58-91 

110 

91-85 

95-55 

31 

25-89 

24-86 

71 

59-29 

59-81 

111 

92-69 

96-49 

32 

26-72 

25-70 

72 

60-12 

60-71 

112 

93-52 

97-42 

33 

27-56 

26-54 

73 

60-96 

61-61 

113 

94-36 

98-35 

34 

28-39 

27-39 

74 

61-79 

62-52 

114 

95-19 

99-28 

35 

29-23 

28-24 

75 

62-63 

63-42 

115 

96-03 

100-21 

36 

30-06 

29-09 

76 

63-46 

64-32 

116 

96-86 

101-15 

37 

30-90 

29-94 

77 

64-30 

65-23 

117 

97-70 

102-08 

38 

31-73 

30-79 

78 

65-13 

66-13 

118 

98-53 

103-02 

39 

32-57 

31-65 

79 

65-97 

67-04 

119 

99-37 

103-95 

40 

33-40 

32-51 

80 

66-80    67-95  | 

120 

100-20 

104-89 

See  pp.  188  to  191. 
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TAJBLJE  Tin. 


-For  finding  the  Mean  VehdtiM  cf  Water  jlomng  in  JPipeB,  Sraim, 
Sivere. — For  a  full  cylindrical  pipe,  divide  tne  diameter  by  4  to 

Ivaillirt    w\An<n    y3Am4-l« 


find  the  hydraulic  mean  depth. 

UUl'lUiU  JJL 

JO,  UlViUO 

liUO  Uli»UlC 

ucj.  ujf  ■*  uu 

Siametera  of  pipes  J  inch  to  2  inehea.    Falls  per  mile  Unch  to  12  feet. 

Falls  per  mile  in  feet  and" 
inches,  and  the 

"  Hydraulic  mean  depths," 

or  "  mean  radii," 

hydraulic  inclinations. 

and  velocities  in  inches  per  second.           1 

'   Inclinations 

Falls. 

one  in 

Jginch. 

J  inch. 

i  inch. 

finch. 

iinoh. 

P.     I. 
0     1 

63360 

■14 

•24 

•38 

•49 

•57 

0    2 

31680 

■22 

•37 

•59 

•76 

•90 

0    3 

21120 

■28 

•48 

•75 

•97 

1^15 

0    4 

15840 

•34 

•57 

'89 

1-15 

1^36 

0     5 

12672 

•38 

•65 

1^02 

1^30 

1-55 

0    6 

10560 

■42 

•72 

1^13 

1^45 

1^72 

0    7 

9051 

•46 

•78 

1-24 

1^58 

1^88 

0     8 

7920 

•50 

•85 

1^33 

1^71 

2^02 

0    9 

7040 

■53 

•90 

1^43 

1^83 

2^16 

0  10 

6336 

•57 

•96 

1^51 

1-94 

2-30 

0  11 

5760 

•60 

1^01 

1^60 

1^96 

2^42 

1     0 

5280 

•63 

1^06 

1^68 

2^15 

2^54 

1     3 

4224 

•71 

1^20 

1^90 

2^43 

2^88 

1     6 

3520 

•79 

1^33 

2^10 

2^69 

3^19 

1     9 

3017 

•87 

1^45 

2^29 

2^94 

3^48 

2    0 

2640 

•93 

1^56 

2^47 

3^16 

3^75 

2    3 

Interpolated. 

■99 

1^67 

2-63 

3^37 

3^99 

2    6 

2112 

1-05 

1^77 

2^79 

3-58 

4-U 

2    9 

Interpolated. 

1^11 

1^87 

2^94 

3^77 

4^47 

3     0 

1760 

1^16 

1^96 

3^09 

3^96 

4^69 

3     3 

Interpolated. 

1^21 

2^05 

3^23 

4^14 

4^91 

3    6 

1508 

1^26 

2^14 

3-37 

4^32 

5^12 

3    9 

Interpolated. 

1'31 

2^22 

3^50 

4^48 

5^31 

4    0 

1320 

1^36 

2-30 

3-63 

4^65 

5^51 

4    6 

Interpolated. 

1^45 

2^45 

3^87 

4^96 

5-88 

5     0 

1066 

1^54 

2^61 

4^11 

5^27 

6^24 

5     6 

Interpolated. 

1^62 

2^75 

4-33 

5^55 

6^58 

6     0 

880 

1^71 

2-89 

4^55 

5^83 

6^91 

6     6 

Interpolated. 

1^78 

3^02 

4^76 

6^10 

7^22 

7     0 

754 

1-86 

3  •IS 

4^97 

6^36 

7^54 

7    6 

Interpolated. 

1^93 

3^27 

5-16 

6-61 

7^83 

8    0 

660 

2^01 

3-39 

5^35 

6^86 

8^12 

8     6 

Interpolated. 

2^07 

3-51 

5^53 

7^09 

8^40 

9    0 

587 

2-14 

3-62 

5^72 

7^32 

8-68 

9     6 

Interpolated. 

2-20 

3^74 

5-89 

7^55 

8 '94 

10     0 

528 

2^28 

3^85 

6-07 

7-77 

9^21 

10    6 

Interpolated. 

2^33 

3-95 

6-24 

7^99 

9-47 

11     0 

480 

2-40 

4-06 

6^40 

8 -26 

9^72 

11     6 

Interpolated. 

2^46 

4^16 

6^57 

8^41 

9^97 

12     0 

440 

2-52 

4^27 

6  •73 

8^62 

10-21 

Kee  p.  208. 
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TSE  DISCHARGE  OF  WATER  FROM 


TASLE  VIII.— For  Jindim  tU  Mean  Velocities  of  Water  floming  m  Pipes,  Dramt, 
Streams,  and  Xivsrs.—Foi  &  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth, 

Hiametere  of  pipes  \  vncJi  to  2  incJi^.    Falls  per  mile  IS  feet  to  5280  feet. 


Palls  per  mile  in  feet,  and  the 

"  Hydi-aulio  mean  depths,"  or  "  mean  radii," 

hydraulic  inclination. 

and  velocities  in  inches  per  second. 

Falls.. 

Inclinations 
one  in 

^inch. 

I  inch. 

i  inch. 

f  inch. 

i  inch. 

13-2 

400 

2-66 

4-50 

7-10 

9-10 

10-78 

13-6 

Interpolated. 

2-71 

4-59 

7-24 

9-27 

10-98 

14-1 

375 

2-76 

4-67 

7-37 

9-44 

11-18 

14-6 

Interpolated. 

2-82 

4-76 

7-52 

9-63 

11-41 

15-1 

350 

2-87 

4-85 

7-66 

9-82 

11-63 

15-6 

Interpolated. 

2-94 

4-96 

7-83 

10-03 

11-88 

16 -2 

325 

3-00 

5-07 

7-99 

10-24 

■   12-13 

17-6 

300 

3-14 

5-30 

8-37 

10-72 

12-70 

19-2 

275 

3-30 

5-58 

8-80 

11-27 

13-35 

21-1 

250 

3-48 

5-89 

9-39 

11-90 

14-10 

23-5 

225 

3-70 

6-26 

9-87 

12-65 

14-99 

26-4 

200 

3-96 

6-70 

10-57 

13-64 

16-04 

30-2 

175 

4-28 

7-24 

11-42 

14-63 

17-33 

35-2 

150 

4-68 

7-92 

12-49 

16-00 

18-96 

37-7 

140 

4-88 

8-24 

13-00 

16-66 

19-74 

42-2 

125 

5-21 

8-81 

13-90 

17-80 

21-09 

48- 

110 

5-62 

9-50 

14-98 

19-19 

22-74 

52-8 

100 

5-94 

10-05 

15-85 

20-30 

24-06 

58-7 

90 

6-33 

10-69 

16-87 

21-61 

25-60 

66- 

80 

6-78 

11-47 

18-10 

23-17 

27-46 

75-4 

70 

7-35 

12-42 

19-69 

25-09 

29-73 

88- 

60 

8-05 

13-61 

21-48 

27-51 

32-60 

105-6 

50 

8-99 

15-19 

23-96 

30-69 

36-37 

117-3 

45 

9-57 

16-18 

25-53 

32-70 

38-75 

132-0 

40 

10-28 

17-37 

27-41 

35-11 

41-60 

150-8 

35 

11-14 

18-84 

29-71 

38-06 

45-10 

176- 

30 

12-23 

20-68 

32-62 

41-78 

49-61 

212-2 

25 

13-66 

23-09 

36-43 

46-67 

55-30 

264. 

20 

15-64 

26-44 

41-71 

53-43 

63-30 

352- 

15 

18-61 

31-46 

49-63 

63-57 

75-33 

528- 

10 

23-73 

40-11 

63-28 

81-06 

96-05 

586-7 

9 

25-26 

42-70 

67-37 

86-29 

102-25 

660- 

8 

27-08 

45-78 

72-22 

92-61 

109-61 

754-3 

7 

29-29 

49-51 

78-10 

100-04 

118-54 

880-0 

6 

32-05 

54-15 

85-43 

109-43 

129-66 

1056  •■ 

5 

35-08 

60-16 

94-89 

121-54 

144-02 

1320- 

4 

40-40 

68-29 

107-73 

137-99 

163-51 

1760- 

3 

47-48 

80-25 

126-61 

162-17 

192-16 

2640- 

2 

59-47 

100-53 

158-59 

203-14 

240-70 

5280- 

1 

88-13 

148-97    235-02  | 

301-04 

356-70 

Seep.  208, 
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TASLM  VIZI. — Fbrfindmff  the  Mewn  Vetociiiea  of  Water  fiovnng  m  Ptpca,  Drama, 
Streams^  fmd  Rivera. — For  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 

Diametera  ofpip^2^  mehea  to  5  inches.    Fallaper  mile  1  inch  to  12  feet. 


Falls  per  mile  in  feet  and 

"  Hydraulic  mean 

depths."  or  "  mean 

radii,"      1 

hydraulic  inclinations. 

and  velocities 

in  inches  per  second. 

raJla. 

Inclinations 
one  in 

1  inch. 

linch. 

^  inch. 

linch. 

IJin.in- 
«rpolated. 

F.     I. 
0     1 

63360 

•65 

•73 

■79 

■85 

•96 

0     2 

31680 

1-02 

1*13 

1-23 

1-33 

1-49 

0     3 

21120 

1-30 

1-45 

1-58 

1-70 

1^91 

0     4 

15840 

1-54 

1-71 

1-87 

2-01 

2-26 

0     5 

12672 

1-76 

1-95 

2-13 

2-29 

2-58 

0     6 

10560 

1-95 

2-17 

2-36 

2-55 

2-86 

0     7 

9051 

2-13 

2-37 

2-58 

2-78 

3^13 

0     8 

7920 

2-30 

2-55 

2-78 

3-00 

3-37 

0    9 

7040 

2-46 

2.73 

2-98 

3-21 

3-61 

0  10 

6336 

2-61 

2-90 

3-16 

3-40 

3-83 

0  11 

5760 

2-76 

3-06 

3-33 

3-59 

4-04 

1     0 

5280 

2-89 

3-21 

3-50 

3-77 

4-24 

1     3 

4224 

3-28 

3-64 

3-97 

4-27 

4-81 

1     6 

3520 

3-63 

4-03 

4-39 

4-73 

5-32 

1     9 

3017 

3-96 

4.39 

4-79 

6-16 

5-80 

2     0 

2640 

4-26 

4-73 

5-16 

5-55 

6-25 

2     3 

Interpolated. 

4-55 

5-04 

5-50 

5-92 

6-66 

2    6 

2112 

4-83 

5-35 

5-84 

6-29 

7-07 

2    9 

Interpolated. 

5-09 

5-64 

6-15 

6-12 

7-46 

3     0 

1760 

5-34 

5-92 

6-46 

6-96 

7  83 

3     3 

Interpolated." 

5-58 

6-19 

6-75 

7-27 

8-18 

3     6 

1508 

5-82 

6-46 

7-04 

7-59 

8-53 

3     9 

Interpolated. 

605 

6-71 

7-31 

7-88 

8-86 

4    0 

1320 

6-27 

6-95 

7-58 

8-17 

9^19 

4    6 

Interpolated. 

6-69 

7-42 

8-09 

8-71 

9-80 

5     0 

1056 

7-10 

7-88 

8-59 

9-25 

10-41 

5    6 

Interpolated. 

7-48  . 

8-30 

9-05 

9-76 

10-97 

6     0 

880 

7-86 

8-72 

9-51 

10-25 

11-53 

6     6 

Interpolated. 

8-22 

912 

9.94 

10-71 

12-05 

7     0 

754 

8-57 

9-51 

10-37 

11-17 

12-57 

7     6 

Interpolated. 

8-92 

9-89 

10-78 

11-62 

13-06 

8     0 

660 

9-24 

10-25 

11-18 

12-04 

13-54 

8     6 

Interpolated. 

9-55 

10-60 

11-56 

12-45 

14-01 

9     0 

587 

9-87 

10-95 

11-94 

12-86 

14-47 

9     6 

Interpolated. 

10-18 

11-28 

12-31 

13-26 

14.91 

10     0 

528 

10-48 

11-62 

12-67 

13-65 

15-36 

10    6 

Interpolated. 

10-77 

11-95 

13-03 

14-03 

15^78 

11     0 

480 

11-06 

12-27 

13-38 

14-41 

16^21 

11     6 

Interpolated. 

11-34 

12-58 

13-72 

14-82 

i6^64 

12    0 

440 

11-62 

12-89 

14-05 

15-22 

17-07 
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TASLE  VIII. — ^af  Jmdmg  ihe  Mecm  Velocity  of  Water  Jlominff  in  Fipea,  Drainai 
Streams^  omd  Sivers. — For  a  full  cylindrical  pipe,  divide  the  diameter  b>  4  to 
find  the  hydrauHc  mean  depth. 
Diameters  of  pipes  2^  incites  to  5  inches.    Falls  per  mile  IS  feet  to  52S0  feet. 


Falls  per  mile  in  feet  and 

inches,  and  the 

hydi'aulic  inclinations. 


**  Hydraulic  mean  depths,"  or  **mean  radii,' 
and  velocities  in  inches  per  second. 


Falls. 


Inclinations 
one  in 


I  inch. 


finch. 


f  inch. 


1  inch. 


1^  in.  in- 
terpolated. 


F. 
13 '2 
13-6 
14-1 
14-6 
15-1 
15  S 
16-2 
17-6 
19-2 
21-1 
23-5 
26-4 
30-2 
35 '2 
37-7 
42-2 
48- 
52-8 
58-7 
66- 
75-4 
88-0 
105-6 
117-3 
132- 
150-8 
176- 
211-2 
264- 
352- 
528- 
586-7 
660- 
754-3 
880- 
1056- 
1320- 
1760- 
2640- 
5280- 


400 
Interpolated, 

375 
Interpolated. 

350 
Interpolated. 
325 
300 
275 
250 
225 
200 
175 
150 
140 
125 
110 
100 

90 

80 

70 

60 

50 

45 

40 

35 

30 

25 

20 

15 

10 
9 
8 
7 

6 

5 

4 

3 

2 

1 


12-26 

12-49 

12-72 

12-98 

13-23 

13-52 

13-80 

14-45 

15-19 

16-04 

17-05 

18-25 

19-71 

21-57 

22-45 

23-99 

25-87 

27-36 

29-12 

31-23 

33-82 

37-08 

41-37 

44-08 

47-32 

51-30 

56-32 

62-90 

72-01 

85-68 

109-26 

116-31 

124-68 

134-84 

147-69 

163-82 

185-99 

218-58 

273-79 

405-74 


13-60 

13-86 

14-11 

14-39 

14-68 

14-59 

15-31 

16-02 

16-85 

17-80 

18-91 

20-24 

21-87 

23-92 

24-91 

26-62 

28-69 

30-35 

32-31 

34-64 

37-51 

41-13 

45-78 

48-89 

52-49 

56-90 

62-47 

69-77 

79-87 

95-05 

121-19 

129-01 

138-30 

149-57 

163-60 

181-71 

206-31 

242-46 

303-70 

450-07 


14-83 

15-11 

15-39 

15-70 

16-00 

16-35 

16-79 

17-48 

18-37 

19-40 

20-62 

22-07 

23-85 

26-09 

27-16 

29-03 

31-29 

33-10 

35-23 

37-78 

40-91 

44-86 

50-04 

53-32 

57-25 

62-06 

68-13 

76-09 

87-11 

103-66 

13217 

140-70 

150-83 

163-12 

178-42 

198-17 

225-00 

264-42 

331-22 

490-84 


15-98 

16-28 

16-58 

16-91 

17-24 

17-62 

17-99 

18-83 

19-79 

20-91 

22-21 

23-78 

25-69 

28-11 

29-26 

31-27 

33-71 

35-66 

37-96 

40-70 

44-07 

48-33 

53-91 

57-44 

61-67 

66-86 

73-40 

81-97 

93-84 

111-67 

142-39 

151-58 

162-49 

175-73 

192-22 

213-50 

242-39 

284-86 

356-82 

528-76 


17-98 

18-31 

18-65 

19-02 

19-40 

19-81 

20-23 

21-18 

22-26 

23-52 

24-99 

26-75 

28-90 

31-62 

32-92 

35-18 

37-92 

40-11 

42-69 

45-79 

49-58 

54-36 

60-65 

64-62 

69-37 

75-20 

82-56 

92-21 

105-56 

125-61 

160-17 

170-50 

182-78 

197-67 

216-22 

240-15 

272-66 

320-43 

401-37 

594-82 
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TABLE  VIII. — ForflndiM  the  Mean  Velocities  of  Water  flowing  in  Pipes,  Drams, 
Streams,  and  Biuers. — For  a  fuU  oyliudrioal  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  laeaii  depth.  Open  drains  and  pipes. — Diameters  cf  ■pipes 
6  inelws  to  12  inolies.    Falls  per  mile  1  inch  to  12feei, 


Falls  per  mile  in  feet  and 

inches,  and  the 

hydraulic  inclinations. 

"  Hydraulic  mean 

depths," 

)r  "  mean 

radii," 

and  velocities  in  inches  per  second 

Falls. 

Indinations 
one  in 

li  inch. 

If  in.  in- 
terpolated. 

2  inches. 

2iinches 

3  inches. 

F.     I. 
0     1 

63360 

1-07 

1-15 

1-24 

1-40 

1-55 

0     2 

31680 

1-66 

1-80 

1-94 

2-19 

2-41 

0     3 

21120 

2-12 

2-30 

2-48 

2-80 

3-08 

0     4 

15840 

2-52 

2-73 

2-94 

3-34 

3-65 

0     5 

12672 

2-86 

3-11 

3-35 

3-77 

4-16 

0     6 

10560 

3-18 

3-45 

3-72 

4-19 

4-62 

0     7 

9051 

3-47 

3-77 

4-06 

4-58 

5-04 

0     8 

7920 

3-75 

4-06 

4-38 

4-94 

5-44 

0     9 

7040 

4-01 

4-34 

4-68 

5-28 

5-81 

0  10 

6336 

4-25 

4-61 

4-97 

5-60 

6-17 

0  11 

5760 

4-49 

4-86 

5-24 

5-91 

6-51 

1     0 

5280 

4-71 

5-11 

5-51 

6-21 

6-84 

1     3 

4224 

5-34 

5-79 

6-24 

7-03 

7-75 

1     6 

3520 

5-91 

6-41 

6-91 

7-79 

8-58 

1     9 

3017 

6-44 

6-99 

7-53 

8-49 

9-35 

2     0 

2640 

6-94 

7-53 

8-11 

9-14 

10-07 

2    3 

Interpolated. 

7-40 

8-03 

8-65 

9-74 

10-74 

2     6 

2112 

7-86 

8-52 

9-18 

10-35 

11-40 

2     9    . 

Interpolated. 

8-28 

8-98 

9-67 

10-90 

12-01 

3     0 

1760 

8-70 

9-43 

10-16 

11-45 

12-62 

3     3 

Interpolated. 

9-09 

9-85 

10-62 

11-97 

13-19 

3     6 

1508 

9-48 

10-28 

11-08 

12-48 

13-76 

3     9 

Interpolated. 

9-84 

10-67 

11-50 

12-96 

14-29 

4    0 

1320 

10-21 

11-07 

11-93 

13-44 

14-81 

4    6 

Interpolated. 

10-89 

11-80 

12-72 

14-34 

15-80 

5     0 

1056 

11-56 

12-54 

13-51 

15-23 

16-78 

5     6 

Interpolated. 

12-18 

13-21 

14-24 

16-04 

17-68 

6     0 

880 

12-80 

13-88 

14-96 

16-86 

18-58 

6     6 

Interpolated. 

13-38 

14-51 

15-64 

17-62 

19-42 

7     0 

754 

13-96 

15-14 

16-32 

18-39 

20-26 

7     6 

Interpolated. 

14-51 

15-73 

16-95 

19-10 

21-05 

8     0 

660 

15-05 

16-32 

17-58 

19-82 

21-84 

8    6 

Interpolated. 

15-56 

16-87 

18-18 

20-49 

22-58 

9     0 

587 

16-07 

17-43 

18-78 

21-17 

23-32 

9     6 

Interpolated. 

16.57 

17-97 

19  36 

21-82 

24-04 

10     0 

528 

17-06 

18-50 

19-94 

22-47 

24-76 

10     6 

Interpolated. 

17-54 

19-01 

20-49 

23-09 

25-45 

11     0 

480 

18-01 

19-53 

21-04 

23-72 

26-13 

11     6 

Interpola,ted. 

18-47 

20-02 

21-57 

24-32 

26-79 

12     0 

440 

18-92 

20-51 

22-11 

24-91 

27-45 
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TABLE  VIII. — JbrjSw^MW  the  Mean  Velocities  oj^  Water  Jlowvng  in  Pipes,  DramSf 
Streams,  and  Rivers.— ^or  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 
Dicemeters  of  pipes  6  inches  to  14  inches.    Falls  per  mile  IB  feet  to  6280  feet. 


Falls  per  mile  in  feet,  and 

' '  Hydraulic  mean  depths,"  or  ' '  mean  radii," 

tlie  hydraulic  inclinations. 

and  velocities  in  inches  per  second. 

Falls. 

Inclinations, 
one  in 

1  finches 

2  inches. 

2  J  inches 

3  inches. 

3J  inches 

13 

2 

400 

19-97 

23-34 

26-30 

28-98 

31-44 

13 

6 

20-34 

23-77 

26-79 

29-62 

32-03 

14 

1 

375 

20-72 

24-21 

27-28 

30-06 

32-62 

14 

6 

21-13 

24-69 

27-83 

30-67 

33-27 

15 

1 

360 

21-55 

25-18 

28-38 

31-27 

33-93 

15 

6 

22-01 

25-72 

28-99 

31-94 

34-66 

16 

2 

325 

22-48 

26-27 

29-60 

32-62 

35-39 

17 

6 

300 

23-53 

27-50 

30-99 

,   34-15 

37-05 

19 

2 

275 

24-74 

28-90 

32-57 

36-89 

38-94 

21 

1 

250 

26-13 

30-53 

34-41 

37-91 

41-14 

23 

5 

225 

27-76 

32-44 

36-66 

40-28 

43-71 

26 

4 

200 

29-72 

34-72 

39-13 

43-12 

46-79 

■30 

2 

175 

32-11 

37-52 

42-28 

46-59 

50-56 

35 

2 

150 

35-13 

41-04 

46-26 

60-97 

55-30 

37 

7 

140 

36-57 

42-73 

.  48-16 

53-07 

57-68 

42 

2 

125 

39-08 

45-66 

51-46 

56-71 

61-53 

48 

110 

42-13 

49-23 

65-48 

61-13 

66-33 

52 

8 

100 

44-57 

52-07 

58-69 

64-67 

■  70-17 

58 

7 

90 

47-43 

55-42 

62-46 

68-83 

74-68 

66 

80 

50-87 

59-44 

66-99 

73-81 

80-09 

75 

4 

70 

55-08 

64-36 

72-60 

79-92 

86-72 

88 

60 

60-39 

70-57 

79-53 

87-63 

95-09 

105 

6 

50 

67-38 

78-73 

88-73 

97-77 

106-08 

117 

3 

45 

71-79 

83-88 

94-64 

104-17 

113-03 

132 

40 

77-07 

90-06 

101-50 

118-84 

121-36 

150 

8 

35 

83-55 

97-63 

110-03 

121-24 

131-55 

176 

30 

91-72 

107-18 

120-79 

133-10 

144-41 

211 

2 

25 

102-44 

119-70 

134-90 

148-66 

161-29 

264 

20 

117-28 

137-03 

164-44 

170-18 

184-65 

352 

15 

139-56 

163-06 

183-78 

202-60 

219-72 

528 

10     ■ 

177-95 

207-92 

234-33 

268-21 

280-16 

586 

7 

9 

189-43 

221-34 

249-45 

274-87 

298-24 

660 

8 

208-07 

237-28 

267-42 

294-67 

319-72 

754 

3 

7 

219-61 

256-61 

289-20 

318-67 

345-77 

880 

6 

240-22 

281-36 

316-33 

348-57 

378-20 

1056 

5 

266-81 

311-75 

351-36 

387-15 

420-07 

1320 

4 

302-92 

353-95 

398-91 

439-56 

476-93 

1760 

3 

356-00 

415-96 

468-80 

616-57 

560-49 

2640 

2 

445-93 

521  -04 

587-22 

647-06 

702-08 

5280- 

1 

660'84 

772-16 

870-23 

958-91 

1040-44 
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£.      ^-ZXi". — JBhrJlndhw  the  Mean.  VelociUes  of  Waierjlowvng  in  Pipes,  UravnSt 
SEj-eams,  and  Svoera. — For  a  fuU  cylindrical  pipe,  divida  tlie  diameter  by  4  to 
find  the  hydraulic  mean  depth. 
Diameters  qf  pipes  14  iaiofies  to  22  vtiches.     Falls  per  mile  1  vtich  to  11  feet. 


Falls  per  mile  In  feet  and 

Inches,  sm^  tbe 

hydraulic  inclinations. 

"  Hydraulic  mean 

depths," 

or  "mean radii,"    1 

and  Teloolties  in  inches  per  second. 

Falls. 

Inclinations, 
one  in 

Scinches 

4  inches. 

4 J  inches 

5  inches.  5ilncheB 

F.     I. 
0     1 

63360 

1-68 

1-80 

1-91 

2-02 

2-13 

0     2 

31680 

2-61 

2-81 

2-98 

3-15 

3-32 

0     3 

21120 

3-34 

3-59 

3-82 

4-03 

4-24 

0     4 

15840 

3-96 

4-25 

4-52 

4-78 

5-02 

0    5 

12672 

4-51 

4-84 

5-15 

5-44 

5-72 

0    6 

10560 

5-01 

5-37 

5-72 

6-04 

6-35 

0     7 

9051 

5-47 

5-87 

6-24 

6-60 

6-94 

0    8 

7920 

5-90 

6-33 

6-74 

7-12 

7-48 

0     9 

7040 

6-31 

6-77 

7-20 

7-61 

8-00 

0  10 

6336 

6-70 

7-18 

7-64 

8-08 

8-49 

0  11 

5760 

7-06 

7-58 

8-06 

8-52 

8-96 

1     0 

5280 

7-42 

7-96 

8-47 

8-95 

9-41 

1     3 

4224 

8-41 

9-02 

9-60 

10-14 

.10-66 

1     6 

3520 

9-31 

9-99 

10-63 

11-23 

11-80 

1     9 

3017 

10-15 

10-89 

11-58 

12-24 

12-86 

2     0 

2640 

10-93 

11-73 

12-47 

13-18 

13-86 

2     3 

Interpolated. 

11-65 

12.50 

13-30 

14-05 

14-77 

2     6 

2112 

12-37 

13-28 

14-12 

14-93 

15-69 

2     9 

Intei-polated. 

13-03 

13-68 

14-88 

15-72 

16-53 

3     0 

1760 

13-69 

14-69 

15-63 

16-52 

17-36 

3     3 

Interpolated. 

14-31 

15-35 

16-33 

17-26 

18-14 

3    6 

1508 

14-92 

16-01 

17-03 

18-00 

18-92 

3     9 

Interpolated. 

15-50 

16-63 

17-69 

18-70 

19-65 

4    0 

1320 

16-07 

17-25 

18-35 

19-39 

20-38 

4    6 

Interpolated. 

17-14 

18-39 

19-56 

20-68 

21-73 

5     0 

1056 

18-21 

19-53 

20-78 

21-96 

23-08 

5     6 

Interpolated. 

19-18 

20-58 

21-90 

23-14 

24-32 

6     0 

880 

20-16 

21-63 

23-01 

24-32 

25-66 

6    6 

Interpolated. 

21-07 

22-61 

24-05 

25-42 

26-72 

7    0 

754 

21-98 

23-69 

25-09 

26-52 

27-87 

7    6 

Interpolated. 

22-84 

24-50 

26-07 

27-55 

28-96 

8    0 

660 

23-69 

25-42 

27-04 

28-58 

30-04 

8    6 

Interpolated. 

24-50 

26-29 

27-97 

29-55 

31-06 

9     0 

587 

25-31 

27-54 

28-89 

30-53 

32  09 

9     3 

Interpolated. 

26-09 

27-99 

29-78 

31-47 

33-08 

10    0 

528 

26-87 

28-83 

30-67 

32-41 

34-06 

10     6 

Interpolated. 

27-61 

29-62 

31-52 

33-31 

35-01 

11     0 

480 

28-35 

30-42 

32-37 

34-20 

36-95 

11     6 

Interpolated. 

29-07 

31-19 

33-18 

35-07 

36-86 

12    0 

440 

29-79 

31-96 

34-00 

35-93 

37-77 

474 


THE  DISCEARGE  OF   WATER  FROM 


TABLH  VIII.— I'or finding  the  Mean  Velodtiet  of  Waterflowmg  in.  Pities,  Dramii, 
Streami,  and  Mivers, — For  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  tlie  hydraulic  mean  depth. 
Diameters  of  pipes  16  inches  to  2  feet.    Fall^per  mile  IS  feet  to  528(1  feet. 


Palls  per 

oiile  in  feet 

"  Hydraulic  mean  depths," 

or  "mear 

ana  uie 
hydraulic  inclinations. 

and  velocities  in  inches  per  second. 

Falls. 

Inclination, 

one  in 

4  inches. 

4  J  inches 

5  inches. 

5Jinches 

6  inches. 

F. 
13-2 

400 

33-74 

35-89 

37-93 

39-87 

41-72 

13-6 

Interpolated. 

34-37 

36-56 

38-64 

40-61 

42-50 

14-1 

375 

35-00 

37-23 

39-35 

41-36 

43-28 

14 '6 

Interpolated. 

35-70 

37-98 

40-14 

42-19 

44-15 

15-1 

350 

36-40 

38-73 

40-92 

43-02 

45-01 

15-6 

Interpolated. 

37-19 

39-56 

41-81 

43-94 

45-99 

16-2 

325 

37-97 

40-40 

42-69 

44-87 

46-96 

17-6 

300 

39-75 

42-29 

44-69 

46-97 

49-16 

19-2 

275 

41-78 

44-45 

46-97 

49-38 

51-67 

21-1 

250 

44-14 

46-95 

49-62 

52-16 

54-58 

23-5 

225 

46-90 

49-90 

52-72 

55-42 

58-00 

26-4 

200 

50-20 

53-41 

56-44 

59-32 

62-08 

80-2 

175 

54-24 

57-71 

60-98 

64-10 

67-07 

35-2 

150 

59-34 

63-13 

66-71 

70-12 

73-37 

37-7 

140 

61-78 

65-72 

69-45 

73-00 

76-39 

42-2 

125 

66-02 

70-23 

74-22 

78-01 

81-64 

48- 

110 

71-17 

75-72 

80-01 

84-10 

88-00 

52-8 

100 

75-29 

80-09 

84-64 

88-97 

93-10 

58-7 

90 

80-13 

85-25 

90-08 

94-69 

99-09 

66- 

80 

85-93 

91-42 

96-61 

101-54 

106-26 

75-4 

70 

93-04 

98-98 

104-60 

109-95 

115-05 

88- 

60 

102-02 

108-54 

114-70 

120-56 

126-16 

105-6 

50 

113-82 

121-09 

127-96 

134-50 

140-74 

117-3 

45 

121-27 

129-01 

136-34 

143-30 

149-96 

132- 

40 

130-20 

138-51 

146-38 

153-86 

161-00 

150-8 

35 

141-14 

150-16 

158-68 

166-79 

174-53 

176- 

30 

154-95 

164-84 

174-20 

183-10 

191-61 

211-2 

25 

173-05 

184-10 

194-56 

204-50 

214-00 

264- 

20 

198-12 

210-77 

222-73 

234-11 

244-98 

352- 

15 

235-75 

250-80 

265-04 

278-58 

291-52 

528- 

10 

300-60 

319-80 

337-95 

355-22 

371-71 

586-7 

9 

320-00 

340-43 

359-76 

378-14 

395-70 

660- 

8 

343-04 

359-65 

385-67 

405-37 

424-20 

754-3 

7 

370-99 

394-68 

417-08 

438-39 

458-76 

880- 

6 

405-79 

431-70 

456-21 

479-52 

501-79 

1056- 

5 

450-71 

479-49 

506-71 

532-60 

557-34 

1320- 

4 

511-72 

544-39 

575-30 

604-69 

632-78 

1760- 

3 

601-38 

639-78 

676-10 

710-64 

743-65 

2640- 

2 

753-29 

801-39 

846-89 

890-16 

931-50 

5280- 

1 

1116-35 

1187-62 

1255-04 

1319-17 

1380-44 

ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 


4:7S 


TA'BZE  VIII.—ForJvttdmff  the  MecMi  Velocities  of  Water  flawing  m  JPwes,  Drams, 
Streama^  and  Rivers. — The  hydraulic  mean  depth  is  found  for  all  cnannels,  "by 
dividing  the  wetted  perimeter  into  the  area. 
Sydraulic  mean  depths  6  incites  to  10  inches.    Falls  per  mile  1  inch  to  12  feet. 


Falls  per  mUe  iix  feet 

and  inches,  and  the 

hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  "  mean  radii," 
and  velocities  in  inches  per  second. 

Falls. 

Inclinations, 
one  in 

6  Inches. 

7  inches. 

8  inches. 

9  inches. 

10  inches. 

F.     I. 

0     1 

63360 

2-23 

2-41 

2-58 

2-75 

2-90 

0     2 

31680 

3-47 

3-76 

4-03 

4-28 

4-52 

0     3 

21120 

4-43 

4-80 

5-15 

5-47 

5-78 

0     4 

15840 

5-26 

5-69 

6-10 

6-49 

6-85 

0    5 

12672 

5-98 

6-48 

6-95 

7-39 

7-80 

0     6 

10560 

6-65 

7-20 

7-72 

8-20 

8-66 

0     7 

9051 

7-26 

7-86 

8-43 

8-96 

9-46 

0     8 

7920 

7-83 

8-48 

9-09 

9-67 

10-21 

0     9 

7040 

8-37 

9-07 

9-72 

10-33 

10-91 

0  10 

6336 

8-88 

9-63 

10-32 

10-97 

11-58 

0  11 

5760 

9-37 

10-16 

10-89 

11-57 

12-22 

1     0 

5280 

9-84 

10-67" 

11-43 

12-15 

12-83 

1     3 

4224 

11-16 

12-09 

12-95 

13-77 

14-54 

1     6 

3520 

12-35 

13-38 

14-34 

15-25 

16-10 

1     9 

3017 

13-46 

14-58 

15-63 

16-61 

17-54 

2     0 

2640 

14-50 

15-71 

16-84 

17-90 

18-90 

2     3 

Interpolated. 

15-45 

16-75 

18-24 

19-08 

20-15 

2    6 

2112 

16-42 

17-79 

19-64 

20-26 

21-40 

2     9 

Interpolated. 

17-29 

18-74 

20-37 

21-34 

22-54 

3     0 

1760 

18-17 

19-69 

21-10 

22-42 

23-68 

3     3 

Interpolated. 

18-99 

20-57 

22-05 

23-43 

24-75 

3     6 

1508 

19-80 

21-46 

23-00 

24-44 

25-81 

3     9 

Interpolated. 

20-56 

22-28 

23-88 

25-38 

26-80 

4    0 

1320 

21-33 

23-11 

24-77 

26-32 

27-80 

4    6 

Interpolated 

22-74 

24-64 

26-41 

28-07 

29-64 

5     0 

1056 

24-16 

26-17 

28-05 

29-81 

31-48 

5     6 

Interpolated. 

25-45 

27-58 

29-56 

31-42 

33-17 

6     0 

880 

26-75 

28-98 

31-06 

33-02 

34-86 

6     6 

Interpolated. 

27-96 

30-29 

32-47 

34-51 

36-44 

7     0 

754 

29-17 

31-60 

33-87 

36-00 

38-02 

7     6 

Interpolated. 

30-30 

32-83 

35-19 

37-40 

39-50 

8     0 

660 

31-43 

34:06 

36-50 

38-80 

40-97 

8     6 

Interpolated. 

32-51 

35-22 

37-75 

40-12 

42-37 

9     0 

587 

33-58 

36-39 

38-99 

41-45 

43-77 

9     6 

Interpolated. 

34-61 

37-50 

40-20 

42-72 

45-11 

10     0 

528 

35-65 

38-63 

41-40 

44-00 

46-46 

10     6 

Interpolated. 

36-63 

39-69 

42-54 

45-22 

47-75 

11     0 

480 

37-62 

40-76 

43-69 

46-44 

49-03 

11     6 

Interpolated. 

38-57 

41-79 

44-79 

47-61 

50-27 

12    0 

440 

39-52 

42-82 

45-90 

48-78 

51-51 

476 


TBE  DISaSABGE  OF  WATER  FROM 


TASLE  VIII. — Forjmdmg  the  Mean  Velocities  of  Water  Jlowmg  in  JPvpes,  Drains, 
Streams,  and  Mvers. — The  hydraulic  mean  depth  is  found  for  all  channels  by 
dividing  the  wetted  perimeter  into  the  area. 
SydrauUc  mean  depths  11  inches  to  21  vncJies.    Falls  per  mile  1  inch  to  12  feet. 


Falls  per  mile  in  feet 

and  inches,  and  the 

hydraulic  inchnatione. 

"Hydraulic  mean  depths,''  or  "  mean  radii," 
and  velocities  in  inches  per  second. 

Falls. 

Inclinations, 
one  in 

11  inches 

12  inches. 

15  inches. 

18  inches. 

21  inches. 

V.    I. 
0     1 

63360 

3-05 

3-19 

3-57 

3-92 

4-25 

0     2 

31680 

4-75 

4-97 

5-57 

6-12 

6-62 

0     3 

21120 

6-07 

6-35 

7-12 

7-82 

8-46 

0     4 

15840 

7-19 

7-53 

8-44 

9-27 

10-03 

0     5 

12672 

8-19 

8-57 

9-61 

10-55 

11-42 

0     6 

10560 

9-10 

9-52 

10-67 

11-72 

12-68 

0    7 

9051 

9-94 

10-39 

11-66 

12-80 

13-85 

0     8 

7920 

10-72 

11-21 

12-57 

13-81 

14-94 

0     9 

7041 

11-46 

11-99 

13-44 

14-76 

15-97' 

0  10 

6336 

12-16 

12-72 

14-27 

15-66 

16-95 

0  11 

5760 

12-83 

13-42 

15-05 

16-53 

17-88 

1     0 

6280 

13-48 

14-09 

15-81 

17-36 

18-78 

1     3 

4224 

15-27 

15-97 

17-91 

19-67 

21-28 

1     6 

3520 

16-91 

17-68 

19-83 

21-78 

23-56 

1     9 

3017 

18-23 

19-27 

21-62 

23-73 

25-68 

2    0 

2640 

19-85 

20-76 

23-28 

25-63 

27-66 

2    3 

Interpolated. 

21-16 

22-13 

24-82 

27-29 

29-49 

2    6 

2112 

22-48 

23-51 

26-36 

28-95 

31-32 

2    9 

Interpolated. 
1760 

23-68 

24-76 

27-77 

30-49 

32-99 

3    0 

24-88 

26-02 

29-18 

32-04 

34-67 

3     3 

Interpolated. 

25-99 

27-18 

30-47 

33-48 

36-22 

3    6 

1508 

27-11 

28-35 

31-77 

34-92 

37-78 

3    9 

Interpolated. 

28-15 

29-45 

33-01 

36-26 

39-23 

4    0 

1320 

29-20 

30-54 

34-25 

37-60 

40-69 

4    6 

Interpolated. 

31-13 

32-56 

36-52 

40-10 

43-39 

5    0 

1056 

33-07 

34-59 

38-79 

42-59 

46-09 

5    6 

Interpolated. 

34-85 

36-44 

40-87 

44-88 

48-56 

6    0 

880 

36-62 

38-30 

42-95 

47-16 

51-03 

6    6 

Interpolated. 

38-28 

40-03 

44-90 

49-30 

53-34 

7    0 

754 

39-93 

41-76 

46-84 

51-43 

55-65 

7    6 

Interpolated. 

41-48 

43-39 

48-66 

53-43 

57-81 

8    0 

660 

43-04 

45-01 

50-48 

55-42 

59-97 

8     6 

Interpolated. 

.  44-50. 

46-54 

52-20 

57-32 

62-02 

9     0 

587 

45-97 

48-08 

53-92 

59-21 

64-06 

9     6 

Interpolated. 

47-39 

49-56 

55-58 

61-03 

66-04 

10    0 

528 

48-80 

51-04 

57-24 

62-85 

68-01 

10    6 

Interpolated. 

50-15 

52-45 

58-83 

64-59 

69-89 

11     0 

480 

51-51 

53-87 

60-41 

66-33 

71-78 

11     6 

Interpolated. 

52-81 

55-23 

61-94 

68-01 

73-59 

12    0 

440 

54-11 

56-59 

63-47 

69-68 

75-40 

ORIFIOES,    WEIRS,   PIPES,   AND  RIVERS. 


m 


TABZS  VIII. — ForJtn&TM  the  Mecm  Velocities  of  Water  fiovomg  in  Pipes,  Drains^ 
StreamSf  and  JRwef*.— The  hydraulic  mean  depth  is  found  for  all  channels  by 
dividing  the  wetted  perimeter  into  the  area. 
-^dtrawKc  mecm  dspihs  24  inches  to  ^feet.    Falls  per  mile  1  inch  to  12  feet. 


Falls  per  mile  in  feet 
iind  inches  and  the 

"  Hydraulic  mean  depths,"  or  "mean  radii,"         | 

hydraulic  inclinations. 

and  velocities  in  inches 

per  second 

Falls. 

Inclinations, 
one  in 

24  inch. 

30  inches. 

36  inches. 

42  inches. 

48  inches. 

F.    I. 
0     1 

63360 

4-54 

5-09 

5-59 

6-04 

6-47 

0     2 

31680 

7-09 

7-94 

8-71 

9-42 

10-08 

0     3 

21120 

9-06 

10-15 

11 -.14 

12-04 

12-89 

0     4 

15840 

10-73 

12-03 

13-20 

14-27 

15-27 

0     5 

12672 

12-22 

13-69 

15-03 

16-25 

17-39 

0     6 

10560 

13-57 

15-21 

16-69 

18-05 

19-31 

0     7 

9051 

14-83 

16-61 

18-23 

19-71 

21-09 

0     8 

7920 

15-99 

17-92 

19-66 

21-27 

22-76 

0    9 

7041 

17-10 

19-16 

21-02 

22-73 

24-33 

0  10 

6336 

18-15 

20-33 

22-31 

24-13 

25-82 

0  11 

5760 

19-15 

21-45 

23-54 

25-46 

27-24 

1     0 

5280 

20-11 

22-53 

24-72 

26-73 

28-61 

1     3 

4224 

22-78 

25-53 

28-01 

30-29 

32-42 

1     6 

3520 

25-23 

28-27 

31-02 

33-54 

35-90 

1     9 

3017 

27-49 

30-81 

33-80 

36-55 

39-12 

2    0 

2640 

29-62 

33-18 

36-41 

39-38 

42-14 

2    3 

Interpolated. 

31-57 

35-38 

38-82 

41-98 

44-92 

2    6 

2112 

33-53 

37-57 

41-22 

44-58 

47-71 

2    9 

Interpolated. 

35-32 

39-58 

43-43 

46-96 

50-26 

3     0 

1760 

37-11 

41-58 

45-63 

49-34 

52-81 

3     3 

Interpolated. 

38-78 

43-45 

47-68 

51-56 

55-18 

3    6 

1508 

40-45 

45-32 

49-73 

53-78 

57-55 

3     9 

Interpolated. 

42-00 

47-07 

51-64 

55-85 

59-77 

i    0 

1320 

43-56 

48-81 

53-56 

57-92 

61-98 

4    6 

Interpolated. 

46-45 

52-05 

57-11 

61-76 

66-09 

5     0 

1056- 

49-34 

55-28 

60-66 

65-60 

70-20 

5     6 

Interpolated. 

51-99 

58-25 

63-91 

69-12 

73-97 

6     0 

880 

54-63 

61-22 

67-17 

72-64 

77-74* 

6     6 

Interpolated. 

57-11 

63-99 

70-21 

75-93* 

81-25 

7     0 

754 

59-58 

66-76 

73-25 

79-21 

84-77 

7    6 

Interpolated. 

61-89 

69-35 

76-09* 

87-29 

88-06 

8     0 

660 

64-21 

71-94 

78-94 

85  •3y. 

91-35 

8     6 

Interpolated. 

66-40 

74-40 

81-63 

88-26 

94-47 

9     0 

587 

68-59 

76-85* 

84-32 

91-19 

97-59 

9     6 

Interpolated. 

70-60 

79-22 

86-92 

94-00 

100-59 

10     0 

528 

72-81 

81-58 

89-52 

96-81 

103'60 

10     6 

Interpolated. 

74-83 

83-84 

91-99 

99-49 

106-47 

11     0 

480 

76-84* 

86-10 

94-47 

102-17 

109-33 

11     6 

Intei-polated. 

78-78 

88-28 

96-86 

104-75 

112-10 

12    0 

440 

80-72 

90-45 

99-25 

107-33 

114-86  1 

478 


TSE  DISCEAROE  OF  WATER  FROM 


TABLE  Till.— For  finding  the  Mean.  Velocities  of  Water  flowing  im  Pipes,  Drams, 
Streams,  amd  Rivers.— "tbjd  hydraulic  mean  depth  is  found  for  all  channels  by 
dividing  the  wetted  perimeter  into  the  area. 
MydroMUe  mewn  depths  ifeet  6  inches  to  t  feet.    Falls  per  mile  1  vneh  to  12  feet. 


Falls  per  mile  in  feet 

and  inches,  and  the 

hydraulic  inchna^ons. 

"  Hydraulic  mean  depths,' 
and  velocity  in  inches 

or  "mean 
per  seconc 

radii," 

Falls. 

Inclinations, 
one  in 

54  inch. 

60  inches. 

66  inches. 

72  inches. 

84  inches. 

F.     I. 
0      1 

63360 

6-86 

7-24 

7-60 

7-94 

8-58 

0    2 

31680 

10-70 

11-29 

11-85 

12-38 

13-39 

0     3 

21120 

13-68 

14-62 

15-14 

15-83 

17-11 

0     4 

15840 

16-21 

17-10 

17-95 

18-76 

20-28 

0    5 

12672 

18-46 

19-47 

20-43 

21-35 

23-13 

0    6 

10560 

20-50 

21-63 

22-70 

23-72 

25-64 

0    7 

9051 

22-39 

23-62 

24-79 

25-90 

28-00 

0    8 

7920 

24-16 

25-48 

26-74 

27-95 

30-21 

0    9 

7041 

25-83 

27-24 

28-59 

29-88 

32-30 

0  10 

6336 

27-41 

28-91 

30-34 

31-71 

34-28 

0  11 

5760 

28-92 

30-51 

32-01 

33.46 

36-17 

1     0 

5280 

30-37 

'  32-03 

33-62 

35-13 

37-98 

1     3 

4224 

34-41 

36-30 

38-10 

39-81 

43-04 

1     6 

3620 

38-10 

40-19 

42-18 

44-08 

47-65 

1     9 

3017 

41-52 

43-80 

45-97 

48-04 

61-93 

2    0 

2640 

44-73 

47-18 

49-52 

51-75 

56-94 

2    3 

Interpolated. 

47-69 

50-30 

52-79 

55-17 

59-64 

2    6 

2112 

50-65 

53-42 

56-07 

58-59 

63-34 

2    9 

Interpolated. 

53-35 

56-28 

59-06 

61-72 

66-72 

3    0 

1760 

56-06 

59-13 

62-05 

64-85 

70-10 

3    3 

Intei^polated. 

58-57 

61-79 

64-84 

67-76 

73-25 

3    6 

1508 

61-09 

64-44 

67-63 

70-67 

76-40* 

3     9 

Interpolated. 

63-44 

66-92 

70-23 

73-39 

79-35 

4    0 

1320 

65-80 

69-41 

72-84 

76-11* 

82-29 

4    6 

Interpolated. 

70-16 

74-01 

77-67* 

81-16 

87-74 

5    0 

1056 

74-52 

78-61* 

82-50 

86-21 

93-20 

5     6 

Interpolated. 

78-52* 

82-83 

86-92 

90-84 

98-20 

6     0 

880 

82-52 

87-05 

91-35 

95-46 

103-20 

6     6 

Interpolated. 

86-25 

90-98 

95-58 

99-78 

107-87 

7    0 

754 

89-99 

94-92 

99-62 

104-10 

112-54 

7    6 

Interpolated. 

93-48 

98-61 

103-48 

108-14 

116-91 

8    0 

660 

■96-98 

102-30 

107-35 

112-19 

121-28 

8    6 

Interpolated. 

100-29 

105-79 

111-02 

116-01 

125-42 

9    0 

587 

103-59 

109-27 

114-68 

119-84 

129-56 

9    6 

Interpolated. 

106-78 

112-64 

118-21 

123-53 

133-55 

10    0 

528 

109-97 

116-01 

121-74 

127-22 

137-54 

10    6 

Interpolated. 

113-02 

119-22 

125-11 

130-74 

141-34 

11     0 

480 

116-06 

122-43 

128-48 

134-27 

145-15 

11    6 

Interpolated. 

119-00 

125-52 

131-73 

137-66 

148-82 

12    0 

440 

121-93 

128-61 

134-97 

141-05 

152-49 

0MIFIGE8,   WEIBS,  PIPES,  AND  RIVERS. 
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TASLS  VIII. — ^Forjmddmg  the  Mean  Velocities  of  Wafer Jlowmg  vn  JPipes,  Drama, 
StreamSf  and  JEtvers.— The  hydraulic  mean  depth  is  found  for  all  channele  by 
dividing  the  wetted  perimeter  into  the  area. 

Sydraulic  mean  depths  8  feet  to  12  feet.    Falls  per  mile  1  inch  to  12  feet. 


Falls  per  mile  in  feet 
and  inches  and  the 

"  Hydraulic  mean  depths," 

or  "mean 

rada," 

hydraulic  inclinations. 

aad  velocities  in  incaes  per  seconc 

. 

Falls. 

Inclinations, 

96  inch. 

108 

120 

132 

144 

one  in 

inches. 

inches. 

inches. 

inches. 

F.     I. 
0     1 

63360 

9-18 

9-75 

10-28 

10-79 

11-27 

0     2 

31680 

14-32 

15-20 

16-03 

16-82 

17-57 

0     3 

21120 

18-30 

19-43 

20-49 

21-50 

22-46 

0     4 

15840 

21-69 

23-02 

24-28 

25-47 

26-62 

0     5 

12672 

24-70 

26-21 

27-64 

29-00 

30-31 

0     6 

10660 

27-43 

29-11 

30-70 

32-21 

33-66 

0     7 

9051 

29-96 

31-80 

33-53 

35-18 

36-76 

0     8 

7920 

32-32 

34-30 

36-18 

87-96 

39-66 

0    9 

7041 

34-55 

36-67 

38-67 

40-58 

42-40 

0  10 

6336 

36-67 

38-92 

41-04 

43-07 

45-00 

0  11 

5760 

38-69 

41-06 

43-31 

45-44 

47-48 

1     0 

5280 

40-63 

43-12 

45-48 

47-72 

49-86 

1     3 

4224 

46-04 

48-87 

51-54 

54-07 

56-50 

1     6 

3520 

50-98 

54-11 

57-06 

59-87 

62-56 

1     9 

3017 

55-60 

58-96 

62-18 

65-25 

68-17 

2    0 

2640 

59-85 

63-52 

66-98 

70-28 

78-44" 

2    3 

Interpolated. 

63-80 

67-72 

71-41 

74-93* 

78-29 

2    6 

2112 

67-76 

71-91 

75-84* 

79-58 

83-15 

2    9 

Interpolated. 

71-38 

75-75* 

79-89 

83-83 

87-59 

3    0 

1760 

75-00* 

79-59 

83-94 

88-08 

92-03 

3     3 

Interpolated. 

78-37 

83-17 

87-71 

92-03 

96-16 

3    6 

1508 

81-74 

86-75 

91-48 

95-99 

100-80 

3    9 

Interpolated. 

84-88 

90-09 

95-01 

99-69 

104-16 

4    0 

1320 

88-03 

93-43 

98-53 

103-38 

108-02 

4    6 

Interpolated. 

93-87 

99-62 

105-06 

110-24 

115-18 

5    0 

1056 

99-70 

105-82 

111-59 

117-09 

122-34 

5    6 

Interpolated. 

105-06 

111-49 

117-58 

123-38 

128-91 

6     0 

880 

110-41 

117-17 

123-57 

129-66 

135-48 

6     6 

Interpolated. 

115-40 

122-47 

129-16 

135-53 

141-61 

7    0 

754 

120-40 

127-76 

134-75 

141-89 

147-73 

7    6 

Interpolated. 

125-07 

132-74 

139-99 

146-88 

153-47 

8    0 

660 

129-75 

137-70 

145-22 

152-38 

159-21 

8    6 

Intei-polated. 
B87 

134-18 

142-40 

150-18 

157-57 

164-64 

9    0 

138-60 

147-10 

155-13 

162-77 

170-07 

9    6 

Interpolated. 

142-87 

151-63 

159-91 

167-78 

175-81 

10    0 

528 

147-14 

156-16 

164-68 

172-80 

180-55 

10    6 

Interpolated. 

151-21 

160-48 

169-24 

177-58 

185-55 

11    0 

480 

155-29 

164-80 

173-80 

182-86 

190-54 

11    6 

Interpolated. 

159-21 

168-97 

178-19 

186-97 

195-86 

12    0 

440 

163-13 

173-13 

182-59 

191-58 

200-17 

480 


THE  DISCHARGE  OF  WATER  FROM 


TASZE  IX.-rForJmd^ff  the  Discharge  in  Cuhio  Feet  per  Minute^  when  the  Diameter 
of  a  Pipe,  or  Orifice,  and  the  VehtMy  qf  Disoha/rge  cure  known;  cund  vice  verad. 


ill 

Discharge 

in  cubic  feet 

per  minute,  for  different  velocities. 

Velocity  of 

Velocity  of 

Velocity  of 

Velocity  of 

Velocity  of 

100  inches 

200  inches 

300  inches 

400  inches 

500  inches 

S  °.S 

per  second. " 

per  second. 

per  second. 

per  second. 

per  second. 

i 

■170442 

-3409 

.5113 

-6818 

-8522 

■  4 

■68177 

1-3635 

2-0453 

2-7271 

3-4089 

f 

1-53398 

3-0679 

4-6019 

6-1359 

7-6699 

1 

2-727077 

5-4641 

8-1812 

10-9083 

13-6354 

li 

4-26106 

8-5221 

12-7832 

17-0442 

21-3063 

1- 

6-13593 

12-2718 

18-4080 

24-6437 

30-6797 

n 

8^35167 

16-7033 

25-0650 

33-4067 

41-7584 

2 

10-90831 

21-1817 

32-7249 

43-6332 

54-5415 

H 

13-80583 

27-6117 

41-4176 

66-2233 

69-0291 

^ 

17-04423 

34-0885 

51-1327 

68-1769 

85-2212 

2f 

20-62352 

41-2470 

61-8706 

82-4941 

103-1176 

3 

24^54369 

49-0874 

73-6311 

98-1748 

122-7185 

H 

28-80475 

57-6095 

86-4143 

115-2190 

144-0238 

H 

33-40669 

66-8134 

100-2201 

133-6268 

167-0335 

3i 

'38-34952 

76-6990 

115-0486 

153-3981 

191-7476 

4 

43-63323 

87-2665 

130-8997 

174-5329 

218-1662 

4J 

49-25783 

98-5157 

147-7736 

197-0313 

246-2892 

U 

55-22331 

110-4466 

165-6699 

220-8932 

276-1166 

H 

61-52968 

123-0594 

184-5890 

246-1187 

307-6484 

5 

68-17692 

136-3539 

204-5308 

272-7077 

340-8846 

^1 

75-16606 

150-3301 

225-4962 

300-6603 

375-8253 

5i 

82-49408 

164-9882 

247-4822 

329-9763 

412-4704 

5| 

90-16399 

180-3280 

270-4920 

360-6560 

450-8200 

6 

98-17478 

196-3496 

294-6243 

392-6991 

490-8739 

6i 

106-52645 

213-0529 

319-5794 

426-1058 

532-6323 

6i 

115-2190 

230-4380 

345-6570 

460-8760 

576-0950 

S^ 

124-25245 

248-5049 

372-7574 

497-0098 

621-2623 

7 

133-6268 

267-2536 

400-8804 

534-5072 

668-1340 

?i 

143-34199 

286-6840 

430-0260 

573.3680 

716-7100 

7* 

163-39809 

306-7962 

460-1943 

613-5924 

766-9905 

n 

163-79507 

327-5901 

491-3852 

655-1803 

818-9753 

8 

174-53293 

349-0669 

523-6988 

698-1317 

872-6647 

8i 

197-03132 

394-0626 

691-0940 

788-1253 

985-1566 

9 

220-89325 

441-7865 

662-6798 

883-6730 

1104-4663 

9  J 

246-11871 

492-2374 

738-3661 

984-4784 

1230-5936 

10 

272-70771 

545-4154 

818-1231 

1090-8308 

1363-6386 

lOi 

300-66025 

601-3205 

901-9808 

1202-6410 

1503-3013 

11 

329-97633 

659-9627 

.989-9290 

1319-9053 

1649-8817 

Jil* 

360-66695 

721-3119 

1081-9679 

1442-6238 

1803-2798 

12 

392-69910 

785-3982 

1178-0973 

1570-7964 

1963-4955 

ORIFICES,    WEIRS,   PIPES,  AND  RIVERS. 
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TAJBZE  IX. — For  finding  the  Discharge  in  Ciihic  Feet  per  Minute,  when  the  Diameter 
of  a  Pipe,  or  Or\fice,  and  the  Velocitj/  of  Discharge  are  known;  and  viae  verad. 


Discliarge  in  cubic  feet  par  minute,  for  different  velocities.           | 

III 

Velocity  of 

Velocity  of 

Velocity  of 

Velocity  of 

Velocity  in 

600  inches 

TOO  inches 

800  inches 

900  inches 

1000  inches 

per  second. 

per  second. 

per  second. 

per  second. 

per  second. 

g  o  d 

1-0227 

1-1931 

1-3635 

1-5340 

1-7044 

i 

4-0906 

4-7724 

5-4542 

6.1359 

6-8177 

i 

9-2039 

10-7379 

•    12-2718 

13-8058 

15-3398 

1 

16-3625 

19-0895 

21-8166 

24-5437 

27-2708 

1 

25-5664 

29-8274 

34-0885 

38-3495 

42-6106 

li 

36-8155 

42-9515 

49-0874 

55-2234 

61-3593 

14 

50-1100 

58-4617 

66-8134 

75-1650 

83-5167 

1% 

65-4499 

76-3582 

87-2665 

98-1748 

109-0831 

2 

82-8350 

96-6408 

110-4466 

124-2525 

138-0583 

2i 

102-2654 

119-3096 

136-3538 

153-3981 

170-4423 

■    2i 

123-7411 

144-3646 

164-9882 

185-6117 

206-2352 

n 

147-2621 

171-8059 

196-3496 

220-8933 

245-4369 

3 

172-8285 

201-6333 

230-4380 

259-2428 

288-0475 

3i 

200-4401 

233-8468 

267-2535 

300-6602 

334-0669 

34 

230-0971 

268-4467 

306-7962 

345-1457 

383-4952 

3J 

261-7994 

305-4326 

349-0659 

392-6991 

436-3323 

4 

295-5470 

344-8048 

394-0626 

443-3205 

492-5783 

H 

331-3399 

386-5632 

441-7865 

497-0098 

552-2331 

44 

369-1781 

430-7077 

492-2374 

553-7671 

615-2968 

4J 

409-0615 

477-2384 

545-4154 

613-5923 

681-7692 

5 

450-9904 

526-1554 

601-3205 

676-4855 

751-6506 

H 

494-9645 

577-4586 

659-9526 

742-4467 

824  9408 

54 

540-9839 

631-1479 

721-3119 

811-4759 

901-6399 

5i 

589-0486 

687-2235 

785-3982 

883-5730 

981-7478 

6 

639-1587 

745-6852 

852-2116 

958-7381 

1065-2645 

6^ 

691-3141 

806-5330 

921-7520 

1036-9710 

1152-1900 

64 

745-5147 

869-7672 

994-0196 

1118-2721 

1242-5245 

S* 

801-7608 

935-3876 

1069-0144 

1202-6412 

1336-2680 

7 

860-0519 

1003-3939 

1146-7359 

1290-0779 

1433-4199 

ti 

920-3885 

1073-7866 

1227-1847 

1380-5828 

1533-9809 

n 

982-7704 

1146-5655 

1310-3605 

1474-1556 

1637-9507 

n 

1047-1976 

1221-7305 

1396-2634 

1570-7964 

1745-3293 

8 

1182-1879 

1379-2192 

1576-2506 

1773-2819 

1970-3132 

84 

1325-3595 

1546-2528 

1767-1460 

1988-0393 

2208-9325 

9 

1476*7123 

1722-8310 

1968-9497 

2215-0684 

2461-1871 

94 

1636-2463 

1908-9540 

2181-6617 

2454-3694 

2727-0771 

10 

1803-9616 

2104-6218 

2405-2820 

2705-9423 

3006-6025 

104 

1979-8580 

2309-8343 

2639-8106 

2969-7870 

3299-7633 

11 

216S-9357 

2524-5917 

2885-2476 

3245-9936 

3606-5595 

114 

2356-1946 

2748-8937 

3141-5928 

3534-2919 

3926-9910 

12 
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TABLE  X.—For  finding  the   depihi  of  Wem  cf  different  ImgtU,   the  quantity 
discTiavged  over  each  being  aupposed  conHant.     See  pages  289  and  290. 


Batios 

of 
lengtlis. 

Coeffl-       ^ 
aents.      ^ 

latios 

of 
ngtlis. 

Coeffi-       ^ 
cients.      jg 

.atios 

of 

ngtiis. 

Coeffi- 
:ients. 

Eatios 
of 

lengths. 

Coeffi- 
cients. 

•01 

0464 

405 

•5474 

605 

7153 

•805 

■8654 

■02 

0737 

410 

■5519 

610 

7193 

•810 

■8689 

■03 

0965 

415 

■5564 

615 

7232 

■815 

■8725 

■04 

1170 

420 

•5608 

620 

7271 

•820 

•8761 

■05 

1357 

425 

■5653 

625 

7310 

■825 

•8796 

■06 

1533 

430 

•5697 

630 

7349 

•830 

•8832 

•07 

1699 

435 

•5741 

635 

7388 

•835 

•8867 

•08 

1857 

440 

■5785 

640 

7427 

•840 

•8903 

•09 

2008 

445 

■5829 

645 

7465 

•845 

•8938 

•10 

2154 

450 

•5872 

650 

7504 

•850 

•8973 

■11 

2296 

455 

■5916 

655 

7542 

•855 

■9008 

•12 

2433 

460 

■5959 

660 

7580 

■860 

•9043 

•13 

2566 

465 

■6002 

665 

7619 

•865 

•9078 

•14 

2696 

470 

•6045 

670 

7657 

•870 

•9113 

•15 

2823 

475 

•6088 

675 

7695 

■875 

•9148 

•16 

2947 

480 

■6130 

680 

7733 

•880 

■9183 

•17 

3069 

485 

•6173 

685 

7771 

•885 

■9218 

•18 

3188 

490 

■6215 

690 

7808 

•890 

•9253 

•19 

3305 

495 

•6258 

695 

7846 

•895 

•9287 

•20 

3420 

500 

■6300 

700 

7884 

•900 

•9322 

•21 

3533 

505 

■6342 

705 

7921 

•905 

•9356 

•22 

3644 

510 

■6383 

710 

7959 

•910 

•9391 

■23 

3754 

515 

■6425 

715 

7996 

•915 

•9425 

•24 

3862 

520 

■6466 

720 

8033 

■920 

•9459 

•25 

3969 

525 

•6508 

725 

8070 

■925 

•9494 

•26 

4074 

530 

•6549 

730 

8107 

■930 

•9528 

•27 

4177 

535 

•6590 

735 

8144 

■935 

•9562 

•28 

4280 

540 

•6631 

740 

8181 

■940 

•9596 

•29 

4381 

545 

•6672 

745 

8218 

■945 

■9630 

•30 

4481 

550 

•6713 

750 

8255 

■950 

■9664 

•31 

4580       ' 

555 

•6754 

755 

8291 

■955 

■9698 

•32 

4678 

560 

•6794 

760 

8328 

■960 

■9732 

•33 

4775 

565 

■6834 

765 

8365 

■965 

•9762 

•34 

4871 

570 

■6875 

770 

8401 

■970 

•9799 

•35 

4966 

575 

•6915 

775 

8437 

■975 

•9833 

•36 

5061 

580 

•6955 

780 

8474 

•980 

•9866 

•37 

5154 

585 

•6995 

785 

8510 

•985 

•9900 

•38 

5246 

590 

•7035 

790 

9546 

•990 

•9933 

•39 

5338 

595 

•7074 

795 

8582 

•995 

•9967 

•40 

5429 

600 

•7114 

800 

8618 

1^000 

1^0000 
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TASIiS  JCX — Meati  relative  Dimenitions  of  equally  Discharging  Trapezoidal  ChanneUf 
viith  Side  Slopes  varying  from  0  to  1,  i*p  to  2  to  1. — Half  sum  of  the  toT)  and 
bottom  is  the  mean  widtn,  The  ratio  of  the  slope,  multiplied  by  the  depth, 
subtracted  from  the  mean  width,  will  give  the  bottom ;  and  if  added,  will 
give  the  top.  Table  XII.  gives  the  discharge  in  cubic  feet  per  minute  from 
the  primary  channel,  70  wide,  and  the  corresponding  depths  taken  in  feet. 
For  lesser  or  gi'eater  channels  and  discharges,  see  Bules,  pp.  243  to  251,  and 
26T  to  271. 


The  mean  -widths  are  given  in  the  top  horizontal  line,  and  the  corresponding    | 

depths  in  tbe  other  horizontal  lines. 

They  may  he  taken  in  mohes. 

feet,  yards,  fathoms,  or  any  other  measures,  whatever. 

70 

60 

50 

40 

35 

30 

25 

20 

15 

10 

•125 

•13 

•15 

-17 

•20 

•23 

-26 

•29 

•35 

•48 

•25 

•27 

•30 

-35 

•40 

•45 

-52 

•58 

•71 

-98 

•375 

•41 

•46 

-54 

•60 

•67 

•76 

•88 

1-09 

1-51 

•5 

•55 

-62 

-73 

•80 

-89 

1^02 

1-19 

1-48 

2-04* 

•625 

•68 

•78 

-91 

1-00 

1-12 

1-29 

1^50 

1-88 

2-62 

•75 

•82 

-94 

1-10 

1-20 

1-35 

1-56 

1-82 

2-28 

3-22* 

•875 

•96 

1-10 

1-29 

1-41 

1-58 

1-83 

2-14 

2-69 

3-86 

1- 

1-10 

1-26 

1-48 

1-62 

1-81 

2-10 

2-46 

3-11 

4-50 

1-125 

1-24 

1-42 

1-67 

1^83 

2-04 

2.37 

2-79 

3-54 

5-19' 

1-25 

1-39 

1-58 

1-86 

2-04 

2-28 

2-65 

3-12 

3-98 

5-89 

1-375 

1-53 

1-74 

2-05 

2-25 

2-51 

2-92 

3^46 

4-43 

6-60 

1-5 

1-67 

1-90 

2-24 

2-46 

2-75 

3-20 

3-80 

4-88 

7-31 

1-625 

1-81 

2-06 

2-43 

2-67 

2-99 

3-47 

4-15 

5-34 

8-08 

1-75 

1-95 

2-22 

2-62 

2-88 

3-23 

3-75 

4-50 

5-80 

8-86 

1-875 

2-09 

2-88 

2-81 

3-09 

3-47 

4-03 

4-86 

6-29 

9-68 

2- 

2-23 

2-54 

3-00 

3-31 

3-72 

4-32 

5-22 

6-78 

10-50 

2-125 

2-37 

2-70 

3-19 

3-52 

3-96 

4-61 

5-58 

7-29 

11-37 

2-25 

2-51 

2-86 

3-38 

3-73 

4-21 

4-91 

5-95 

7-81* 

12-25 

2-375 

2-65 

3-02 

3-57 

3-94 

4-45 

5-20 

6-31 

8-32 

13-12 

2-5 

2-79 

3-18 

3-76 

4-16 

4-70 

5-50 

6-68 

8-84 

14-00 

2-625 

2-93 

3-34 

3-95 

4-38 

4-95 

5-79 

7-06 

9-38 

14-92 

2-75 

3-07 

3.51 

4-15 

4-60 

5-21 

6-09 

7-45 

9-93 

15-84 

2-875 

3-21 

3-67 

4-34 

4-82 

5-46 

6-39 

7-83 

10-48 

16-76 

3- 

3-35 

3-84 

4-54 

5-04 

5-72 

6-69 

8-22 

11-03 

17-68 

3-125 

3-49 

4-00 

4-73 

5-26 

5-97 

7-00 

8-62 

11-60 

18-68 

3-25 

3-63 

4-17 

4-93 

5-49 

6-23 

7-31 

9-02 

.12-17 

19^68 

3-375 

3-77 

4-33 

5-13 

5-72 

6-49 

7-62 

9-42 

12-74 

20-68 

3-5 

3-625 

3-91 

4-50 

5-33 

5-95 

6-75 

7-93 

9-82 

13-32 

21-68 

4-05 

4-66 

5-53 

6-17 

7-01 

8-25 

10-23* 

13-92 

22-76 

3-75 

S-875 

4- 

4-25 

4-5 

4-75 

5- 

5-25 

5-5 

5-75 

6- 

4-19 

4-82 

5-73 

6-40 

7-28 

8-57 

10-65 

14-53 

23-84 

4-33 

4-98 

5-93 

6^62 

7-54 

8-89 

11-06 

15-14 

24-92 

4-48 

5-14 

6-13 

6-85 

7-81 

9-21 

11-48 

15-75 

26-00 

4-76 
5-05 
5-33 
5-62 
5-90 
6-18 
6-46 
6-75 

5-46 

6-54 

7-30 

8-35 

9-85 

12-33 

16-98 

28-18 

5-79 

6-95 

7-75 

8-90 

10-50 

13 '19 

18-22 

30-36 

6-12 

7-35 

8-20 

9-45 

11-14 

14-07 

19-50 

32-68 

6-45 

7-75 

8-66 

10-00 

11-79 

14-96 

20-80 

35-00 

6-78 
7-12 

8-16 
8-57 

9-14 
9-62 

10-55 
11-10 

12-51* 
13-24 

15-86 
16-77 

22-13 
23-47 

37-40 
39-81 

7-46 
7-80 

8-98 
9-40 

10-11 
10-60 

11-66 
12-22 

13-94 
14-65 

17-71 
18-65 

24-86 
26-25 

42-33 
44-86 

JFm 

atimila 

r  Table,  i 

ee  p.  270. 
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TEB  DISCHARGE  OF  WATER  FROM 


TASLIS  XII. — DtaehcuygeB from  iTie  JPrima/ry  Channel  in  tliejwst  column  of  Table  XI. 
If  the  dimensions  of  the  primary  channel  he  in  inches,  divide  the  discharges 
in  this  table  by  600  ;  if  in  yards,  multiply  by  15'6  ;  if  in  quarters,  multiply  by 
32 ;  and  if  in  fathoms,  by  8S'2,  &o. :  see  pp.  243  to  261.  The  final  figures  in 
the  discharties  may  be  rejected  when  they  dD  not  exceed  one-half  per  cent., 
or  0-6  in  100.    See  pages  267  to  271. 


Depths  oi 

Falls 

inclinations,  and  discharges 

in  cubic  feet  per  minute. 

a  channel 

Interpolate  for  intermediate  falls ;  divide  greater  faUs  by  4,  and  | 

whoso 

mean 

■width  is 

double  the  corresponding  discharges. 

1  inch 

2  inches 

3  inches 

6  inches 

9  inches 

12  inches 

16  inches 

70:-in 

vr  mile. 

per  mile. 

per  mile. 

per  mile, 

per  mUe, 

per  mile. 

per  mile, 

feet. 

1  in  63360. 

lln31680 

lin21120. 

1  in  10660. 

1  in  7040. 

1  in  62S0. 

1  in  4224. 

•125 

47 

72 

93 

139 

175 

205 

233 

•25 

136 

210 

'  268 

403 

606 

596 

675 

•375 

249 

389 

498 

746 

940 

1105 

1252 

•50 

387 

603 

770 

1155 

1454 

1709 

1935 

■625 

541 

.  849 

1078 

1617 

2036 

2395 

2714 

■75 

714 

1112 

1420 

2128 

2681 

3153 

3573 

■875 

900 

1401 

1791 

2685 

3382 

3978 

4507 

!• 

1100 

1714 

2190 

3283 

4134 

4862 

5507 

1^125 

,1310 

2042 

2614 

3909 

4927 

5792 

6577 

1^25 

1534 

2384 

3058 

4581 

5766 

6780 

7690 

1-375 

1767 

2767 

3521 

5279 

6661 

7823 

8863 

1-50 

2013 

3142 

4006 

6016 

7588 

8915 

10099 

1-625 

2268 

3540 

4525 

6781 

8541 

10044 

11381 

1^75 

2534 

3950 

5053 

7570 

9537 

11210 

12703,- 

1^875 

2812 

4384 

5599 

8386 

10570 

12429 

14083 

2- 

3090 

4821 

6161 

9230 

11628 

13675 

15513 

2-125 

3377 

5273 

6738 

10092 

12718 

14956 

16943 

2-25 

3674 

5736 

7331 

10981 

13833 

16281 

18436 

2-375 

3977 

6210 

7937 

11889 

14981 

17645 

19960 

2-50 

4293 

6699 

8563 

12829 

16161 

19045 

21634 

2-625 

4616 

7203 

9204 

13800 

17380 

20434 

23136 

2-75 

4947 

7716 

9865 

14782 

18624 

21886 

24800 

2-875 

5280 

8233 

10525 

15773 

19887 

23360 

26473 

3- 

5621 

8762 

11204 

16788 

21165 

24833 

28176 

3-125 

5972 

9310 

11900 

17830 

22454 

26410 

29925 

3-25 

6329 

9862 

12614 

18897 

23780 

27994 

31714 

3-375 

6689 

10420 

13320 

19963 

25145 

29570 

33507 

3-50 

7049 

10995 

14048 

21052 

26509 

31262 

35329 

3-625 

7418 

11574 

14785 

22153 

27906 

32860 

37186 

3-75 

7794 

12163 

15526 

23284 

29321 

34479 

39080 

3-875 

8178 

12753 

16283 

24416 

30756 

36170 

41013 

i- 

8566 

13354 

17070 

25592 

32225 

37898 

42954 

4-25 

9355 

14582 

18643 

27936 

35191 

41368 

46916 

4-50 

10173 

15849 

20267 

30366 

38254 

44982 

50973 

4-75 

11001 

17140 

21908 

32818 

41356 

48630 

55102 

5- 

11833 

18454 

23595 

35355 

44546 

52378 

59346 

5-25 

12696 

19802 

25362 

37939 

47795 

56209 

63688 

5-50 

13576 

21172 

27248 

40564 

51097 

60079 

68097 

5-75 

14^8 

22580 

29160 

43253 

54478 

64058 

72591 

6- 

15393 

23995 

31122 

45969 

57897 

68082 

77154 

For  a  similar  Talle,  seep.  271. 
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TABLE  XII. — Discharges  from  the  Primcm/  Channel  in  tliejirHt  column  of  Table  XI. 
It  the  dimensions  uf  the  primary  channel  toe  in  inches,  divide  the  discharges 
in  this  table  toy  500 ;  if  in  yards,  multiply  toy  16*6,  if  in  qimrters,  multiply  by 
3^,  and  if  in  fathoms,  by  88-2,  etc. :  see  pp.  243  to  251.  The  final  figures  in 
the  discharges  may  be  rejected  when  they  do  not  exceed  one-half  per  cent., 
or  0-5  in  100.    See  pages  267  to  271. 


Falls 

inclinations,  and  discharges  in  cubic  feet  per  minute. 

Depths  of 

Interpolate  for  intermediate  falls ;  divide  great 

er  falls  bv 

4,  and 

a  channel 

double  the  ooiTesponding  discharges. 

whose 
'  mean 
■width  is 

IS  inches 

2i  inches 

24  inches  27  inohesjSO  inches  33  inches  36  inches 

per  mile, 

Der  mile. 

per  mile,  per  mile,  per  mile. 

per  mile,  per  mile. 

70:— in 

1  in  3520. 

1  in  3017. 

1  in  2640.  1  in  2347. 

1  ta  2112. 

1  in  1920. 

1  in  1760. 

feet. 

258 

281 

303 

323 

343 

362 

380 

•125 

748 

815 

877 

936 

993 

1049 

1100 

•25 

1387 

1511 

1627 

1736 

1843 

1952 

2037 

•375 

2145 

2336 

2515 

2684 

2852 

3023 

3155 

.50 

3004 

3274 

3527 

3753 

4021 

4207 

4414 

•625 

3957 

4311 

4645 

4966 

5287 

5553 

5817 

•75 

4991 

5422 

5859 

6274 

6650 

6992 

7342 

■875 

6097 

6622 

7159 

7631 

8107 

8540 

8974 

1^ 

7266 

7920 

8531 

9124 

9660 

10200 

10693 

1^125 

8514 

9284 

9995 

10658 

11318 

11923 

12520 

1^25 

'  9816 

10697 

11539 

12307 

13045 

13741 

14479 

1-375 

11182 

12185 

13152 

14007 

14862 

15656 

16448 

1-50 

12601 

13730 

14821 

15786 

16750 

17657 

18552 

1^625 

14069 

15331 

16525 

17616 

18700 

ft698 

20696 

1^75 

15593 

16997 

18306 

19517 

20728 

21840 

22944 

1-875 

17157 

18697 

20141 

21469 

22803 

24017 

25242 

2- 

18766 

20446 

22030 

23480 

24938 

26269 

27601 

2^125 

20410 

22247 

23965 

25547 

27129 

28578 

30027 

2^25 

22104 

24087 

25947 

27662 

29395 

30934 

32512 

2-375 

23848 

25988 

27992 

29841 

31701 

33381 

35096 

2-50 

25669 

27953 

30100 

32069 

34086 

35910 

37725 

2-625 

27479 

29933 

32247 

34384 

36512 

38471 

40415 

2-75 

29318 

31947 

34408 

36697 

38958 

41055 

43135 

2-875 

31206 

34002 

36624 

39050 

41464 

43680 

45896 

3- 

33141 

36112 

38897 

41482 

44048 

46398 

48747 

3-125 

35126 

38266 

41223 

43954 

46672 

49174 

51664 

3-25 

37109 

40438 

43556 

46438 

49330 

51951 

54586 

3-375 

39140 

42631 

45925 

48963 

51993 

54775 

57550 

3-50 

41184 

44872 

48343 

51537 

54728 

57659 

60580 

3-625 

43273 

47158 

50807 

54162 

57514 

60585 

63656 

3-75 

45407 

49468 

53300 

56840 

60341 

63560 

66784 

3-875 

47551 

51818 

55832 

59414 

63200 

66576 

69951 

4- 

61911 

56586 

60973 

64974 

69013 

72694 

76383 

4^25 

56448 

61508 

66176 

70623 

75017 

79017 

82994 

4-50 

61014 

66500 

71625 

76408 

81097 

85426 

89767 

4-75 

65713 

71628 

77140 

82250 

87351 

92015 

96653 

5- 

70509 

76863 

82779 

88200 

93731 

98729 

103745 

5^25 

75388 

82159 

88434 

94344 

100200 

105550 

110905 

5^50 

80379 

87590 

94348 

100616 

106823 

112540 

118254 

5^75 

85407 

93093 

100275 

106911 

113505 

119616 

125664 

6^ 

For  a  Bimilar  Table,  eeep.  271. 
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THE  DISCEARGE  OF  WATER  FROM 


TABLB  XIII.— The  Square  Booti  of  the  fifth  powers  cf  nwmlen  for  Jimdmg  the 
Diameter  of  a  Pipe,  or  dimenawnsefa  Cha/nnelfrom  the  Buohargej  or  theBeverte; 
ehowinff  the  relative  Discharging  Powers  ofp/pes  of  different  Diameters,  and  of  any 
similar  Channels  whatever,  closed  or  open.  See  pages  17,  18,  245,  etc.— If  d  be 
the  diameter  of  a  pipe,  in  feet,  and  d  the  discharge  in  cubic  feet  per  minute, 
then  for  long  straight  pipes  we  shall  have  for  velocities  of  nearly  3  feet  per 

second,  D  =  2400  ((J°»)^,  and  d  =  044  (—  Y  ;  or  it  D  be  the  discharge  per 
second,  n  =  40  («  «)^,    and  d  =   -228  (t)'- 


Relative 
dimen- 
Bions  or 

Relative 
discharg- 

Relative 
dimen- 
sions or 

Relative 
discharg- 

Relative 
dimen-  ^ 
sioiis  or 

Relativ 
dischar^ 

„     Relative 
,      dimen- 
sions or 

Relative 
discharg- 

diameters 

ing 

ing 

diameters 

ing 

diameters 

ing 

pf  pipes. 

powers. 

of  pipes. 

powers. 

of  pipes. 

powers 

-     of  pipes. 

powers. 

•25 

•031 

10-5 

357-2 

30-5 

5138 

61- 

29062- 

•5 

■177 

11- 

401-3 

31- 

5351 

62 

30268- 

•75 

•485 

11-5 

448-5 

31-5 

5569 

63 

31503- 

!• 

1- 

12- 

498-8 

32- 

5793 

64 

32768- 

1-25 

1^747 

12-5 

552-4 

32-5 

6022 

65 

34063' 

1-5 

2-756 

13^ 

609-3 

83- 

6256 

66 

35388- 

1-75 

4-051 

13-5 

669-6 

33-5 

6496 

67 

36744- 

2- 

5-657 

14- 

733-4 

34- 

6741 

68 

38131- 

2-25 

7-594 

14-5 

800-6 

34-5 

6991 

69 

39548- 

2^5 

9-882 

15- 

871-4 

35- 

7247 

70 

40996- 

2^75 

12-541 

15-5 

945-9 

35-5 

7509 

71 

42476- 

3- 

15-588 

16- 

1024- 

36- 

7776 

72 

43988- 

3-25 

19-042 

16-5 

1105-9 

36-5 

8049 

73 

45531- 

3^5 

22-918 

17- 

1191-6 

37- 

8327 

74 

47106- 

3-75 

27-232 

17-5 

1281-1 

37-5 

8611 

75 

48714- 

i- 

32- 

18- 

1374-6 

38- 

8901 

76 

50354- 

4-25 

37^24 

18-5 

1472-1 

38-5 

9197 

77 

52027- 

4^5 

42-96 

19- 

1573-6 

39- 

9498 

78 

53732- 

4.75 

49-17 

19-5 

1679-1 

39-5 

9806 

79 

55471- 

5- 

55-90 

20- 

1788-9 

40- 

10119 

80 

57243- 

5-25 

63-15 

20-5 

1902-8 

41- 

10764 

81 

59049- 

5-5 

70-94 

21- 

2020-9 

42- 

11432 

82 

60888- 

5-75 

79-28 

21-5 

2143-4 

43- 

12125 

83 

62762- 

6^ 

88-18 

22- 

2270-2 

44- 

12842 

84 

64669- 

6^25 

97-66 

22-5 

2401-4 

45- 

13584 

85 

66611 ■ 

6^5 

107-72 

23- 

2537- 

46- 

14351 

86 

68588- 

6-75 

118-38 

23-5 

2677-1 

47  • 

15144 

87 

70599' 

7- 

129-64 

24- 

2821-8 

48  • 

15963 

88 

72645- 

7-25 

141-53 

24-5 

2971-1 

49  • 

16807 

89 

74727- 

7^5 

154-05 

25- 

3125- 

50- 

17678 

90 

76843- 

7^75 

167-21 

25-5 

3283-6 

51- 

18575 

91 

78996- 

8^ 

181  ^02 

26  • 

3446-9 

52- 

19499 

92 

81184- 

8-25 

195-50 

26-5 

3615-1 

53- 

20450 

93 

83408- 

8^5 

210-64 

27- 

3788- 

54- 

21428 

94 

85668' 

8-75 

226-48 

27-5 

3965-8 

55- 

22434 

95 

87965' 

9- 

243- 

28- 

4148-5 

56- 

23468 

96 

90298- 

9-25 

260-23 

28-5 

4336-2 

67- 

24529 

97 

92668- 

9^5 

278-17 

29- 

4528-9 

58- 

25620 

98 

95075- 

9^75 

296-83 

29-5 

4726-7 

59- 

26738 

99 

97519- 

10- 

316-23 

30- 

4929-5 

60- 

27886 

100- 

100000' 

See  Tables  at  pp.  28  and  29. 


OniFIOES,    WEIRS,  FIFES,  AND  RIVERS. 
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TABLE  XIV. — Weights  and  Measures,  English  and  French,  wUh 
their  relative  values. 


MEASUKES   OF   LENGTH, 

12  inches 
7 '92  inches 
3  feet    . 

5J  yards    =  164  feet 
100  links      =     22  yards. 
40  perches  =  220  yards 
8  furlongs  =  1760  yards 
6  feet 
120  fathoms      . 

1  Nautical  mile 
«9-12  miles 
3  miles     . 

The  Irish  perch  is  21  feet,  or  seven  yards, 
palm ;  4  inches  a  hand ;  5  feet  a  pace.  In  cloth  measure  2^  inches 
=1  nail;  4 nails =1  quarter;  4  quarters  =  1  yard.  11  Irish  mUes  = 
14  English. 


1  foot. 

1  link. 

1  yard. 

1  pole  or  perch. 

1  chain  =  4  perches. 

1  furlong. 

1  mile. 

1  fathom. 

1  cable's  length. 

6082-7  feet 

1  Geographical  deg. 

1  league. 

Three  inches  make  a 


MEASURES  OP  StTKFACB. 

144  square  inches        ......     1  square  foot. 

627264 1  square  link. 

9  square  feet 1  square  yard. 

Z0\  square  yards  =    272J  square  feet     .        .     .     1  square  perch. 
10,000  square  links    =  4,356  „  .        .     1  square  chain. 

10  square  chains  *=     160  square  perches       .     .     1  acre. 
1  rood  =     210  square  yards      .        .  40  perches. 

4  roods  =  4,840  „  .        .    .     1  acre. 

640  acres  =  3,097,600    „  .        .     1  square  mile. 

The  Irish  perch  is  49  square  yards,  or  441  square  feet ;  1  Irish  acre 
=  la.  2r.  19'17p.  statute ;  and  1  statute  acre  =  Oa.  2r.  18 -77?.  Irish. 
The  Irish  acre  is  to  the  English  acre  as  196  is  to  121.  100  square  feet 
is  a  square  of  roofing,  slating,  or  flooring.  The  Cunningham  acre  is 
=  la.  Ir.  6-61p.  English;  and  1  English  acre  is  =  Oa.  3r.  3-904p. 
Cunningham  measure. 


488  THE  DISCHARGE  OF  WATER  FROM 

Table  XIV. — Continued. 

CTTBIO  MEASTTBES,   AND   MEASTJEES  Or  CAPACITY  AKD  WEIGHT. 

1728  cubic  inclies 1  cubic  foot. 

27  cubic  feet 1  cubic  yard. 

164  X    14  X  1  =24'75  cubic  feet         .         .     1  perch  of  mafeoury. 
16ixl6JxlJ=    306  cubic  feet    .         .     .     1  rod  of  brickwork. 
21   X   IJ  X  1  =    30J  cubic  feet        .         .     1  Irish  perch  of  jnasoniy. 
The  standard  gallou,  imperial  measure,  contains  10  lbs.  avoirdupois, 
of  distilled  water  at  62°  Fahrenheit,  the  barometer  standing  at  30 
inches. 

6-232  gallons 1  cubic  foot. 

8 '665  cubic  inches         .        .        .     .     1  gill. 

4  gills  34-659  cubic  inches  .        .        .1  pint. 

2  pints  69-318  cubic  inches    .        .     .     1  quart. 

2  quarts  138-637  cubic  inches     .        .     1  pottle. 

2  pottles  277-274  cubic  inches        .     .     1  gallon. 

2  gallons  554-S48  cubic  inches    .        .     1  peck. 

4  pecks  2218-191  cubic  inches  .  .  1  bushel. 
The  old  Irish  gallon  contained  217 '6  cubic  inches,  nearly,  and  1  Irish 
gallon  is  therefore  =  -7850  imperial  gallon.  The  Irish  barrel  of  lime 
stUl  measures  40  Irish  gallons,  or  31-321  imperial  gallons,  or  4  bushels, 
very  nearly.  It  is  measured  by  a  cyUridrical  measure  12  inches  high, 
and  about  21 J  inches  in  diameter,  containing  half  the  Irish  barrel.  In 
the  old  English  liquid  measures  for  ale  and  beer,  36  gallons  =  1  barrel 
=  36  gallons,  3J  quarts,  imperial  measure,  nearly. 

For  old  dry  measures,  32  bushels  =  1  chaldron  =  31  bushels,  1  pint, 
imperial  measure,  nearly. 

And  36  bushels  of  coal  =  1  chaldron  of  coal  =  34  bushels,  3  pecks, 
and  1  gallon,  imperial  measure.  The- Irish  barrel  of  wheat  is  20  stone  ; 
barley,  16  stone  ;  oats,  14  stone. 

TEOY  -WEIGHT. 

24  grains 1  pennyweight. 

20  pennyweights      .        .        .     .     1  ounce. 

12  ounces 1  pound. 

One  pound  Troy  =  22-816  cubic  inches  of  distilled  water,  barometer 
0  inches  ;  thermometer  62°. 
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ArOTHECAKT's  -WEIGHT. 

20  Troy  grains 1  scmple. 

3  scruples 1  drachm. 

8  drachms 1  ounce. 

12  ounces 1  pound. 

The  ounce  weighs  480  grains,  and  the  pound  5760  gi'ains,  both  in 
Troy  and  Apothecary's  weight. 


AT01E.DUP0IS  OE  COMMEEOIAL  WEIGHT. 

One  pound  Avoirdupois  =  27 '7274  cubic  inches,  when  the  barometer 
stands  at  30  inches,  and  Fahrenheit's  thermometer  at  62°. 

16  drachms  =       437'5  Troy  grains  .     1  ounce. 

16  ounces     =    7,000     Troy  grains    .     .     1  pound. 
14  pounds    =  98,000     Troy  grains         .     1  stone. 
8  stone       =       112  pounds      .         .     .     1  cwt. 
20  cwt.        =    2,240  pounds  ...     1  ton. 
One  pound  Troy  =  •82286  pounds  Avoirdupois,   and  one  pound 
Avoirdupois  is  equal  to  1'2153  pounds  Troy.     One  ton  of  water  con- 
tains about  36  cubic  feet,  equal  to  224  imperial  gallons,  nearly.    Ten 
pounds  of  distilled  water  is  equal  to  one  gallon,  the  barometer  and 
thermometer  being  as  above  stated. 


FEENCH  MEASURES  AND  WEIGHTS  COMPARED  WITH 
ENGLISH. 

MEASURES  OF  LENGTH. 


3-2808992  feet 
•3280899   „ 
•0328090   „ 
•0032809    „ 

■621383   mile 


1  foot  English   -3047945  mfetre 
1  inch   .         .    -0253995    „ 
1  yard       .     .     -9143835    „ 
IperchSJyds.  5-0291092    „ 
1  mile    .        .     1-60932  kilometre 


1  mfetre 

1  decimetre     .     . 

1  centimetre. 

1  millimetre    .     . 

1    kilometre     (or 

1000  metres) 

1000  metres  =  100  decimetres  =  10  hectometres  =  1  kilometr*  = 
3280-849  feet.  The  metre  is  the  10,000,000th  part  of  a  quadrental  arc 
of  the  meridian  or  39-3708  inches  English. 
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MEASTJRES   OF  SURFACE. 


119-6033  sq.  yds 
11-9603    „       . 


1  are 
1  declare 


1-1960 


{1  centiare  or  sq. 
metre. 


1  centiare  (one       )  tn.'7ati^„  » 
•  square  mfetre)     |  10  7643  sq.  ft. 

1  declare      .        .  107-6430    „ 
1  are       .        .     .  1076-430    „ 

100  ares  =  10  declares  =  1  hectare  =  2-471143  English  acres,  and  17 
hectares  are  nearly  equal  to  42  English  acres. 

The  old  Paris  foot  is  equal  1-06578  English  feet ;  the  French  inch  = 
1-06578  English  inches  ;  the  French  line  -08882  of  an  English  inch  ; 
the  toise  is  equal  to  6  French  feet  =  76-736  English  inches  =  6-39468 
feet.  The  perch  is  18  French  feet ;  and  the  perch  royal  22  French 
feet.  The  French  square  foot  or  inch  =  1-13581  English  square  feet  or 
inches,  and  the  cubic  foot  or  inch  =  1-21061  English. 


MEAStraES   OF  SOLIDITY  AND   CAPACITT. 

Cubic  feet. 
1  mUlistere.        .         .     -0353166 
1  centistere    .        .     .     -353166 
1  decistere  .         .         .  3-53166 
1  stere(onecubicmetre)  35-3166 
1  deoastere     .         .     353-166 
1  hectostere        .     .  3531-66 
1  kilostere      .         35316-6 

The  stere  and  kilolitre  are  each  a  cubic  m&tre,  and  the  litre  is  a 
cubic  decimetre  ;  50  litres  are  nearly  11'  English  gallons,  and  1  hecto- 
litre 2-751207  English  bushels. 


Eng.  cub.  in. 

1  miUUitre  . 

.     -0610279 

1  centilitre 

.     .     -610279 

1  decilitre  . 

.  610279 

1  litre 

61-0279 

1  decalitre 

.    610-279 

1  hectolitre 

.     .  6102-79 

1  kilolitre 

61027-9 

MEASURES   OF   WEIGHT. 

•0648  gramme  =  1  grain,  and  7000  grains  =  1  lb.  Avoirdupois. 
1  milligramme  .       -015432  grains    1  gramme        .  15-432  grains 
1  centigi-amme  .       -15432       ,,         1  decagramme        •022051b.  avoir. 
1  decigramme   .     1-5432         „         1  hectogramme      '2205        ,, 
1  gramme  .  15-432  ,,         1  kUlogramme     2-2046        „ 

1-01605  tonnes  =  1  ton  :  and  1  tonne  =  -984206  ton. 
A  gramme  is  the  weight  of  a  cubic  centim&tre  of  water  and  its 
maximum  density  in  vacuo  :  1  kilogramme  =  2-6795  lbs.  Troy  =  2-2046 
lbs.  Avoirdupois.     1  metrical  quintal  220-46  lbs.  Avoirdupois,  and  10 
quintals  is  equal  to  the  weight  of  a  cubic  mfetre  of  water. 
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CIRCULAR  FRENCH  AND   BRITISH  DIVISIONS. 

1°  circular  measure  French  =     -g  degree  British. 

,     .     ^  -9x60 

Inunute  =     -^p-      =   "54  British  minutes. 

,  ,  -9  X  60  X  60 

V,l  second  =    ^^qq^^qq    =  -324  British  seconds. 

/  100 

1°  circular      =  —  =  1  i  =  li  French 

degrees. 
100  .   . 

French  minutes. 

1  second        =  iO^  X  2L0  =    IQ^"!""   _  3.b8642  -   3-^^ 
■9  X  60        eo         -9  X  60  X  60  ~  ^  "°^  '^   "   ^^'^ 

=  3^  seconds. 


TO  REDUCE  FRENCH  TO  BRITISH   CIRCULAR  MEASURES  AND  THE 
REVERSE. 

Put  n   =  number  of  British  degrees,  &c.  and  nt  =  French,  &c. 
Then  n.  =  nt  —  ^and n,  =  n.  +-^'  . 

Example  1.     Given  809°  57'  90"  French.     Reduce  to  British 
309 -57 -90 
deduct  one-tenth     30 -95  79 


lU      =      278°"62'11  in  decimal  measures  English 
60 


37-2660    English  minutes  and  decimals 
60 


15 -9600    English  seconds  and  decimals, 
r  Alls.  278°-37''15"-96  according  to  the  sexagesimal  division. 
Example  2.     Beduce  278°  :  37' :  15"  '96  British  to  French. 
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Table  XIV. — Continued. 

Make  the  seconds  decimal  parts  of  the  miniites  by  dividing  them  by 
6  and  multiplying  by  10.  This  then  becomes  278°-37'-266.  In 
degrees,  minutes,  and  decimals  of  a  minute.  Make  now  the  minutes- 
into  degrees  and  decimals  of  a  degree  by  dividing  them  by  6  and 
multiplying  by  10.     The  last  figures  then  become 

278°'6211  =English  degrees  and  decimals 
Add  one-ninth         30  -9579 


309  -6790. 
Decimal    309°  57'  90"  Erench  measure. 
And  so  on  for  others. 


FRENCH  MEASUKES  COMPAEED  WITH  ENGLISH. 

« 1  m£tee=3-281  feet=39-371  inches=l-0936  yds.  = -1988 perch. 
\  1  SQUAEE  MfiTEB=10'764  sq.  feet=l'196  yds.  =  '03954  sq.  perch. 
1 1  POOT=  -3048  m&tre  and  1  inoh=  '0254  metre. 
( 1  SQUARE  FOOT=-0929  sq.  mfetre. 

{1  PERCH  16|  feet=5'029  mitres. 
1  SQ.  PERCH  272i  ft.  =  25 '292  sq.  mfetres=30i  sq.  yds. 
(  Aee=100  sq.  nitoes=3'954  sq.  perches. 

I  '  A.  R.     p. 

(Hectare— 100  ^res=395-4perches=2  1  35-4. 
1  lb.  avoirdupois  =  •4536  Idlograinme. 
LiTEE  =  cubio  decimitre  =  l'76  pint=  '22  gallon. 
Decalitre  =  2'2  gallons=l'l  peek 
Hectolitrb=28  gaIlons=ll  pecks=2'75  bushels. 
Kilogramme  =  weight  of  one  cubic  decimStre  of  distiUed  water 
=  2-2046  lbs.   avoirdupois  =  2-679  troy   pounds  =  15432-35 
grains. 
I'OOO  KlLOGEAMMES  =  2204-6  lbs.=nearly  1  ton  British,  is  called 

a  MiLLiER  or  ToN]srE= 19-68  cwt. 
KiLOGRAMME=1000  grammes=10,000  decigrammes.' 

7000  grains =1  lb.  avoir.    437-5  grs.  =1  oz.  avoir. 
5760  grains =1  lb.  troy.     480  grs.  =1  oz.  troy. 
PoRCB  OF  GRAVITY  sf=9-809  m6tres=32-18  feet. 
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Tabie  XIY.— Continued. 


:39-13  inches  =  -994  mitre. 


/  Length  of  a  pendulum  i 

<  Vibrating  seconds         y  ■■ 
1  Latitude  of  Paris         J 

SMean  barometer  at  30  inches =76 -2  centimetres. 
1  cubic  foot  of  air  weighs  536  grains  or  1-23  ozs.  avoirdupois  ■ 
I'l  oz.  troy. 
V  Average  height  of  an  atmosphere  of  equal  density  about  5  miles. 
r  Thermometers  9°  Fahrenheit =5°  centigrade  ==  4°  Reaumur. 

<  Freezing  point    32°  Fahrenheit  =     0°  centigrade  =  0°  ESanmur. 
( BoiHng point    212°        „  =100°        „         =80°        „ 


o* 


MD^ BO-  Boilingwater. 


-..J. 


water. 


5^  increase  or  decrease  in  volume  of  a  gas  for  each  degree  centigrade. 

j|g  increase  or  decrease  in  volume  of  a,  gasioi  each  degree  Fahrenheit. 

10  lbs.  of  distilled  water =1  gallon. 

62 '32  lbs.  of  distilled  water=l  cube  foot. 

1  cubic  foot=6'232  gallons. 

100°  French=90°  British.    French  division  1°=100  minutes, 
1  minute =100  seconds. 

100  minutes  French=54  miautes  British. 

100  seconds  French=32'4  seconds  British.     Or 

1°  French  =  -9°  British. 

1'  French= -54  British. 

1"  French= -324  British. 
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TASZE  XV.    Shomng  the  WeiffM,  Specific  Gravity,  strength,  and  elasticity  cf 

various  materials  employed  by  the  Physicist  and  Engineer,  When  used  hy  the- 
Mngineer  only  abmit  one-fomih  of  the  ultimate  strengths  here  given .  should  he 
eatculated  from. 


MATBEIALS. 

■So- 

i4 
III 

u 

J.S 
.1-3 

■s.g 
li 

;lj 

-31 

■§§'■ 

^1 
0 

s> 

QQ 

Acacia,  English  Grrowth     . 

11,200 

1,150,000 

.  16,000 

44-3 

.:7i. 

Ash          .            .            '.:... 

!  12,000 

1,600,000 

'9',000 

'  17,'000 

48-0 

.  ''77- 

Brass,  Cast      .       ... 

8,900,000 

io,Soo 

18,000 

625-0 

8-4d 

Beech 

si,m 

1,350,000 

8,500 

16,000 

48-0 

-77 

Brick,  Red      .        ... 

,,-  - 

,, 

800 

.280 

a35-6 

2-20 

Brickwork  .       .       .       . 

112-5 

1-80 

Do.  Pale  Red      .       .    . 

^^ 

"550 

'300 

130-3 

2-08 

Cedar,  American,  Fresh     . 

490,000 

;■  5,600 

11,400 

66-8 

0-91 

Do.         do.        Seasoned 

,. 

., 

4,900 

47-0 

0-76 

Copper,  Cast 

,. 

,, 

.> 

19,000 

538-0 

8-61 

Do.      Sheet        .        .    . 

30,000 

549-0 

8-80 

Do.      Wire-drawn  .       . 

.. 

.. 

.. 

60,000 

560-0 

8-88 

iDeal,  Christiana      .       .    . 

9,900 

1,670,000 

., 

12,400 

43-6 

0-70 

Do.  Memel 

10,400 

1,530,000 

., 

37-0 

0-60 

Do.  Norway  Spruce     .     . 

17,600 

21-2 

0-34 

Elm,  Seasoned     . 

ejioo 

700,000 

10^300 

13,600 

36-8 

0-59 

Pir,    New  England       .    . 

6,600 

2,190,000 

10,000 

34-5 

0-66 

Do.  Riga  .... 

7,600 

1,100,000 

eUoo 

12,000 

47-0 

0-76 

Glass       ... 

8,000,000 

33,000 

2,400 

153-3 

2-45 

Iron,  Wrought,  English     . 

,, 

57,000 

481-2 

7-70 

Do.  in  Bars  .  '     . 

., 

., 

67,000 

487-0 

7-80 

Do.  rolled  in  Sheets  and 

Rivetted  . 

, , 

31,000 

487 

7-8 

Cast  Iron  Carron,  cold  blast 

38,800 

17,270,000 

106,000 

16,700 

441 

V-07 

Do.  Hot  Blast             .    . 

37,600 

16,080,000 

108,000 

13,600 

440-0 

7-04 

Do.  Buffery 

37,600 

14,000,000 

90,000 

17,600 

441-0 

7-06 

Larch,  green   ,               ,    . 
Do.  dry    . 

5,000 

900,000 

3,200 

10,200 

36-6 

0-52' 

6,900 

1,050,000 

6,600 

8,900 

35-0 

0-56 

Lead,  cast  English  .       .    . 

.. 

720,000 

1,800 

717-4 

11-44 

Do.  milled  sheet 

3,300 

712-9 

11-40 

Marble,  white  Italian    .    . 

1,'ioo 

2,520,000 

,, 

165-0 

2-64 

Do.     black  Galway . 

2,700 

, , 

168-4 

2-70 

Mortar,  old,  good  .       .     . 

250 

"so 

107-1 

1-75 

Oak,  English       .      ".     ". 

'lojooo 

1,450,000 

6,600 

17,300 

58-3 

0-93 

Do.  Canadian       .       .    . 

10,500. 

2,160,000 

6,500 

1-0,200 

54-5 

0-87 

Do.  Dantzic 

8,700 

1,190,000 

12,700 

47  4 

0-76 

Do.  African  .       .        .    . 

13,600 

2,280,000 

,. 

60-7 

0-97 

Do.  Adriatic      . 

8,300 

970,000 

.. 

,. 

62-0 

0-99 

Pine,  pitch      .        .       .    . 

9,800 

1,230,000 

, , 

7,800 

41-2 

0-66 

Do.  red      ...        . 

8,900 

1,840,000 

5,300 

41-2 

0-66 

Silver,  Standard     .       .    . 

40,900 

644-5 

10-31 

Slate,  Welsh 

iiisoo 

16,800,000 

12,800 

180-5 

2-89 

Do.  Westmoreland      .    . 

'  1,290,000 

,, 

174-4 

2-70 

Do.  Valentia    . 

5^200 

180-0 

2-88 

S^el,  soft       .... 

,, 

120,000 

486-2 

7-80 

Do.,  razor  tempered. 

29,000,000 

150,000 

490-0 

7-84 

Stone,  granite  average  .    . 

6,'500 

siboo 

168-0 

2-70 

Do.    Rochdale  . 

2,400 

1 

161-0 

2-68 

Teak,  dry        .               .    . 

14,800 

2,400,000 

i2',ioi 

16,000 

41-1 

0-66 

Tin,  oast      .... 

" 

4,600,000 

■• 

6,300    465-7 

7-30 
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Credit  System. 

By  Henby  Cakey  Baikd.    Pamphlet 05 

■J 

BAIBD.— Protection  of  Home  Labor  and  Home  Pro- , 

ductions  necessary  to  the  Prosperity  of  the  Ameri-J 

can  Farmer. 

By  Henry  Caeey  Baied.    8vo.,  paper 10. 

BAIED.— Some  of  the  Fallacies  of  British  Free-Trade  j 
Bevenue  Beform.  y 

Two  Letters  to  Arthur  Latham  Periy,  Professor  of  History  and  Politi- 
cal Economy  in  Williams  College.  By  Hbnky  Carey  Baied. 
Pamphliet. 05 

BAIBD.— The  Bights  of  American  Producers,  and  the 
Wrongs  of  British  Free-Trade  Bevenue  Beform: 
By  Henry  Caeey  Baied.    Pamphlet 05 

BAIBD.— Standard  Wages  Computing  Tables  :  ' 

An  Improvement  in  all  former  Methods  of  Computation,  so  arranged 
that  wages  for  days,  hours,  or  fractions  of  hours,  at  a  specified  rate  per 
day  or  hour,  may  Be  ascertained  at  a  glance.  By  T.  Sp angler  Baied. 
Oblong  folio 15.00 

BAIBD.— The  American  Cotton  Spinner,  and  Mana- 
ger's and  Carder's  Guide :  ^ 
A  Practical  Treatise  on  Cotton  Spinning;  giving  the  Dimensions, and 
Speed  of  Machinery-,  Draught  and  Twist  Calculations,  ete. ;  ^ith 
notices  of  recent  Improvements :  together  with  Rules  and  Example^^ 
for  making  changes  ih  the  sizes  and  numbers  of  Roving  and  Y^mi- 
Compiled  from  the  papers  of  the  late  Robert  H.  Baied.  12mo.:  -,$1.50 
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BAKER.— Long-Span  Railway  Bridges  : 

Comprising  Investigations  of  the  Comparative  Theoretical  and  Prac- 
tical Advantages  of  the  various  Adopted  or  Proposed  Type  Systems 
of  Construction ;  with  numerous  Formulae  and  Tables.  By  B.  Bakbk. 
12mo $2.60 

BAXrEBMAlI.— A  Treatise  on  the  Metallurgy  of  Iron: 

Containing  Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analysis  of  Iron  Ores,  Processes  of  Manufacture  of  Iron 
and  Steel,  etc.,  etc.  By  H.  Batjerman,  F.  G.  S.,  Associate  of  the 
Royal  School  of  Mines.  First  American  Edition,  Revised  and  En- 
larged. With  an  Appendix  on  the  Martin  Process  for  Making  Steel, 
from  the  Report  of  Abeam  S.  Hewitt,  U.  S.  Commissioner  to  the 
Universal  Exposition  at  Paris,  1867.    Illustrated.    12mo.       .      $2.00 

BEANS.— A  Treatise  on  Railway  Curves  and  the  Loca- 
tion of  Railways. 
By  E.W.  Beans,  C.E.    lUttstrated.    12mo.    Tucks.     .     .      $1.59 

BELL.- Carpentry  Made  Easy : 

Or^  The  Science  and  Art  of  Framing  on  a  New  and  Improved  System. 
With  Specific  Instructions  for  Building  Balloon  Frames,  Barn  Frames, 
Mill  Frames,  Warehouses,  Church  Spires,  etc.  Comprising  also  a 
System  of  Bridge  Building,  with  BillSj  Estimates  of  Cost,  and  valuable 
Tables.  Illustrated  by  38  plates,  comprising  nearly  200'  figures.  By 
William  E.  Bell,  Architect  and  Practical  Builder.    8vo.     .    $5.00 

BELL.— Chemical  Phenomena  of  Iron  Smelting : 

An  Experimental  and  Practical  Examination  of  the  Circumstances 
which  determine  the  Capacity  of  the  Blast  Furnace,  the  Temperature 
of  the  Air,  and  the  proper  Condition  of  the  Materials  to  be  operated 
upon.    By'  I.  LowTHiAN  BELL.    Illustrated.    8vo.      .        .        $6,00 

BEMROSE.— Manual  of  Wood  Carving : 

With  Practical  Illustrations  for  Learners  of  the  Art,  and  Original  and 
Selected  Designs.  By- William  Bbmrose,  Jr.  With  an  Introduction 
by  Llewellyn  Jewitt,  F.  S.  A.,  etc.  With  128  Illustrations.  4to., 
cloth. $3.00 

BICKNELL.— Village  Builder,  and  Supplement : 

Elevations   and   Plans  for  Cottages,  Villas,  Suburban  Residences 
Farm  Houses,  Stables  and  Carriage  Houses.  Store  Fronts,  School 
Houses,  Churches,  Court  Houses,  and  a  model  Jadl ;  also,  Exterior  and 
Interior  details  for  Public  and  Private  Buildings,  with  approved 
Forms  of  Contracts  and  Specifications,  including  Prices  of  Buildmg 
Materials  and  Labor  at  Boston,  Mass.,  and  St.  Louis,  Mo.    Contaming 
-    7S  plates  drawn  to  scale;  showing  the  style  and  cost  of  building  in 
.    diflerent,sections  of  the  country,  being  an  original  work  comprising 
.     the  designs  of  twenty  leading  architects,  representing  the  New  Eng- 
land Middle,  Western,  and  Southwestern  States.    4to.        .        $12.00 
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BLEWKABTf.— Practical  Specifications  of  Works  exe- 
cuted in  Architecture,  Civil  and  Mechanical  Engi- 
neering, and  in  Boad  Making  and  Sewering : 

To  which  are  added  a  series  of  practically  useful  Agreements  and  Re- 
ports. By  John  BLENKAftN.  Illustrated  by  15  large  foldiiig  plates. 
8vo $9.00 

BLIHN.— A  Practical  Workshop  Companion  for  Tin, 
Sheet-Iron,  and  Copperplate  Workers  : 

Containing  Rules  for  describing  various  kinds  of  Patterns  used  by 
Tin,  Sheet-Iron,  and  Copper-plate  Workers;  Practical  Geometry; 
Mensuration  of  Surfaces  and  Solids;  Tables  of  the  Weights  of  Metals, 
Lead  Pipe,  etc. ;  Tables  of  Areas  and  Circumferences  of  Circles; 
Japan,  Varnishes,  Lackers,  Cements,  Compositions,  etc.,  etc.  By 
Leroy  J.  Bi.iNN,  ^Master  Mechanic.  With  over  100  Illustrations. 
12mo $2.50 

BOOTH.— Marble  Worker's  Manual: 

Containing  Practical  Information  respecting  Marbles  in  general,  their 
Cutting,  Working,  and  Polishing;  Veneering  of  Marble;    Mosaics; 
Composition  and  Use  of  Artificial  Marble,  Stuccos,  Cements,  Receipts,  - 
Secrets,  etc.,  etc.    Translated  from  the   French  by  M;  L.  Booth. 
With  an  Appendix  concerning  American  Marbles.  12mo., 'cloth.    $1.50 

BOOTH  AND  MORPIT.— The  Encyclopedia  of  Che- 
mistry, Practical  and  Theoretical : 

Embracing  its  application  to  the  Arts,  Metallurgy,  Mineralogy,  Ge- 
ology, Medicine,  and  Pharmacy.  By  James  C.  Booth,  Melter  and 
Refiner  in  the  United  States  Mint,  Professor  of  Applied  Chemistry  in 
the  Franklin  Institute,  etc.,  assisted  by  Campbell  Mokfit,  author 
of  "  Chemical  Manipulations,"  etc.  Seventh  edition.  Royal  8vo., 
978  pages,  with  numerous  wood-cuts  and  other  illustrations.    .    $5.00 

BOX.— A  Practical  Treatise  on  Heat: 

As  applied  to  the  Useful  Arts ;  for  the  Use  of  Engineers,  Architects, 
etc.  By  Thomas  Box,  author  of  "  Practical  Hydraulics."  Illustrated 
by  14  plates  containing  114  figures.     12mo §4.25 

BOX. — Practical  Hydraulics  :  I 

A  Series  of  Rules  and  Tables  for  the  use  of  Engineers,  etc.  By 
Thomas  Box.    12mo $2.50 

BROWN.— Pive  Hundred  and  Seven  Mechanical 
Movements : 

Embracing  all  those  which  are  most  important  in  Dynamics,  Hydrau- 
lics, Hydrostatics,  Pneumatics,  Steam  Engines,  Mill  and  other  Gear- 
ing, Presses,  Horology,  and  Miscellaneous  Machinery  ;  and  including 
many  movements  never  before  published,  and  several  of  which  have 
only  recently  come  into  use.  By  Henky  T.  Beown,  Editor  of  the 
"  American  Artisan."     In  one  volume,  12mo.         .        .         .        $1.00 
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BUCKMASTER.— The  Elements  of  Mechanical' Phy- 
sics : 

By  J.  C.  BuCKLMASTEE,  late  Student  in  the  Government  School  of 
Mines ;  Certified  Teacher  of  Science  by  the  Department  of  Science 
and  Art;  Examiner  in  Chemistry  and  Physics  in  the  Royal  College 
of  Preceptors ;  and  late  Lecturer  in  Chemistry  and  Physics  of  the 
Royal  Polytechnic  Institute.  Illustrated  with  numerous  engravings. 
In  one  volume,  12mo $1.50 

BULLOCK.— The  American  Cottage  Builder : 
A  Series  of  Designs,  Plans,  and  Specifications,  from  $200  to  $20,000, 
for  Homes  for  the  People;  together  with  Warming,  Ventilation, 
Drainage,  Painting,  and  Landscape  Gardening.  By  John  Bullock, 
Architect,  Civil  Engineer,  Mechanician,  and  Editor  of  "  The  Rudi- 
ments of  Architecture  and  Building,"  etc.,  etc.  Illustrated  by  75  en- 
gravings.   In  one  volume,  8vo $3.50 

BULLOCK.  — The  Rudiments  of  Architecture  and 
Building : 

For  the  use  of  Architects,  Builders,  Draughtsmen,  Machinists,  Engi- 
neers, and  Mechanics.  Edited  by  John  Bullock,  author  of  "  The 
American  Cottage  Builder."    Illustrated  by  250  engravings.    In  one 

volume,  8vo. ^3.50 

BURGH.— Practical  Illustrations  of  Land  and  Marine 
Engines: 
Showing  in  detail  the  Modern  Improvements  of  High  and  Low  Pres- 
sure, Surface  Condensation,  and  Super-heating,  together  with  Land 
and  Marine  Boilers.  By  N.  P.  Bukgh,  Engineer.  Illustrated  by 
20  plates,  double  elephant  folio,  with  text .  ...        $21.00 

BURGH.— Practical  Rules  for  the  Proportions  of  Mo- 
dern Engines  and  Boilers  for  Land  and  Marine 
Purposes. 

By  N.  P.  Bukgh,  Engineer.    12mo $1-50 

BURGH.— The  Slide- Valve  PracticaUy  Considered. 

By  N.  P.  Buegh,  Engineer.    Completely  illustrated.    12mo.      $2.00 

BYLES.— Sophisms  of  Free  Trade  and  Popular  Politi- 
cal Economy  Examined. 

By  a  BarkisTEE  (Sir  John  Baenakd  Byles  Judge  of  Common 
Pleas)  First  American  from  the  Ninth  English  Mition,  as  published 
by  the  Manchester  Reciprocity  Association.  In  one  volume,  12mo^ 
Paper,  75  cts.    Cloth ^'-"' 

PYRH.— The  Complete  Practical  Brewer : 
Or  Plain,  Accurate,  and  Thorough  Instructions  iu  the  Art  of  Brewing 
Beer,  Al4,  Porter,  including  the  Process  of  making  Bavarian  Beer, 
all  the  Small  Beers,  such  as  Root-beer,  Ginger-pop,  Sarsaparilla- 
beer  Mead  Spruce  Beer,  etc.,  etc.  Adapted  to  the  use  of  Public 
Brewers  Ind  Private  Families'.  By  M.  La  Faybtte  Byen,  M  D 
With  illustrations.     12mo *^"^3 
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BYRW.— The  Complete  Practical  Distiller : 

Comprising  the  most  perfect  and  exact  Theoretical  and  Practical  De- 
scription of  the  Art  ot  Distillation  and  Rectification ;  including  all  of 
the  most  recent  improvements  in  distilling  apparatus;  instructions 
for  preparing  spirits  from  the  numerous  Tegetables,  fruits,  etc. ;  direc- 
tions for  the  distillation  and  preparation  of  all  kinds  of  brandies  and 
other  spirits,  spirituous  and  other  compounds,  etc.,  etc.  By  M.  La 
Fayette  Byen,  M.  D.  Eighth  Edition.  To  wiich  are  added,  Prac- 
tical Directions  for  DistUUng,  from  the  French  of  Th.  Fling,  Brewer 
and  Distiller.    12mo $1.50 

BYRITE. — Handbook  for  the  Artisan,  Hechanic,  and 
Engineer : 

Comprising  the  Grinding  and  Sharpening  of  Cutting  Tools,  Abrasive 

.  Processes,  Lapidary  Work,  Gem  and  Glass  Engraving,  Varnishing 

and  Lackering,  Apparatus,  Materials  and  Processes  tor  Grinding  and 

Polishing,  etc.    By  Oliver  Byene.    Illustrated  by  185  wood  en-; 

•    gravings.    In  one  volume,  8vo $5.00 

BTENE.— Pocket  Book  for  Eailroad  and  CivU  Engi- 
neers : 

'  Containing  New,  Exact,  and  Concise  Methods  for  Laying  out  Eail- 
road Curves,  Switches,  Frog  Angles,  and  .  Crossings ;  the  Staking 
out  of  work ;  Levelling ;  the  Calculation  of  Cuttings ;  Embankments ; 
Eai-th-work,  etc.    By  Oliver  Byrne.    18mo.,  full  bound,  pocket- 

:  book  form $1.75 

BTBTTE.— The  Practical  Model  Calculator : 

For  the  Engineer,  Mechanic,  Manufacturer  of  Engine  "Work,  Naval 
Architect,  Miner,  and  Millwright.  By  Oliver  Byrne.  1  volume, 
8vo.,  nearly  600  pages $4.50 

BYRNE.— The  Practical  Metal-Worker's  Assistant : 
Comprising  Metallurgic  Chemistry ;  the  Arts  of  Working  all  Metals 
and  Alloys ;  Forging  of  Iron  and  Steel ;  Hardening  and  Tempering  ■ 

■  Melting  and  Mixing ;  Casting  and  Founding ;  Works  in  Sheet  Metal 
The  Processes  Dependent  on  the  Ductility  of  the  Metals ;  Soldering 
and  the  most  Improved  Processes  and  Tools  employed  by  Metal- 
workers.   With  the  Application  of  the  Art  of  Electro-Metallurgy  to 

,   Manufacturing  Processes;  collected  from  Original  Sources,  and  from 

,  the  Works  of  Holtzapffel,  Bergeron,  Leupold,  Plumier,  Napier, 
Scoffern,  Clay,  Fairbairn,  and  others.  By  Oliver  Byrne.  A  new, 
revised,  and  improved  edition,  to  which  is  added  An  Appendix,  con- 
taining The  Mantteacture  Op  EUssian  Sheet-Ieon.  By  John 
Percy,  M.  D.,  F.E.S.  The  Manffacture  op  Malleable  Iron 
Castings,  and  Improvements  in  Bessemer  Steel.  By  A.  A. 
Fesquet,  Chemist  and  Engineer.  With  over  600  Engravings,  illus- 
trating every  Branch  of  the  Subject.    8vo $7.00 

Cabinet  Maker's  Album  of  Furniture : 

;  Coniprising  a  Collection  of  Designs  for  Furniture.  Illustrated  by,  48 
Large  and  Beautifully  Engraved  Pla;tes.  In  one  Vol.,  oblong       $5.00 
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CALiilNGHAM.— Sign  Writing  and   Glass   Emboss- 
ing:   . 

'A  Complete  Practical  Illustrated  Manual  of  the  Art.    By  James 
^"CaLLINGHAM.    In  one  volume,  12mo $1.50 

CAMPIN. — A  Practical  Treatise  on  Mechanical  Engi- 
neering: 

Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools,  Work- 

■  shop  Machinery,  Meclianical  Manipulation,  Manufacture  or  Steam- 
engines,  etc.yetc.  With  an  Appendix  on  the  Analysis  of  Iron  and 
Iron  Ores.    By  Pbancis  Campin,  C.  E.    To  which  are  added,  Obser- 

■  rations  on  the  Construction  of  Steam  Boilers,  and  ■  Remarks  upon' 
Furnaces  used  for  Smoke  Prevention ;  with  a  Chapter  on  Explosions. 
By  R.  Armstrong,  C.  E.,  and  John  Bourne.  Rules  for  Calculating 
the  Change  Wheels  for  Screws  on  a  Turning  LathejaHd-for  a  Wheel- 

t  cutting.  Machine.    By  J.  La  Nicca.  -  Management  of  Steel,- Includ- 
.     ing  Forging,  Hardening,  Tempering,  A.nnealing,  Shrinking,  and  Ex- 
' -pansion.   And  the  Case-hardening  of  Iron.    By  6.  Ede. -^o.    Illus- 
trated with  29  plates  and  100  wood  engravings       .        .     -f.        $6.00 

GAMPIN.— The  Practice  of  Hand-Turning  in  Wood, 
Ivory,  Shell,  etc. : 

With  Instructions  for  Turning  such  works  in  Metal .  as  may  be  re- 
quired in  the  Practice  of  Turning  Wood,  Ivory,  etc.  Also,  an  Appen- 
dix on  Ornamental  Turning.  By  Fbancis  Campin  ;  .with  Numerous 
Illustrations;    12mo.,  cloth $3.00 

CABEY.— The  Works  of  Henry  C.  Carey : 

FINANCIAL  CRISES,  their  Causes  and  Effects.   8vo.  paper  .        25 

HARMONY  OF  INTERESTS:  Agricultural, .  Manufacturing,  and 

Commercial.    8vo.,  cloth      .        .       _ $1.50 

■  MANUAL  OF  SOCIAL  SCIENCE.    Condensed  from  Carey's  "  Prin- 

ciples of  Social  Science."  By  Kate  McKean.  1  vol.  12mo.  $2.25 
'  MISCELLANEOUS  WORKS :  comprising  "  Harmony  of  Interests," 
"  Money,"  "  Letters  to  the  President,"  "  Financial  Crises,"  "  The 
Way  to  Outdo  England  Without  Fighting  Her,"  "Resources  of 
the  Union,"  "The  Public  Debt,"  "Contraction  or.  Expansion?" 
"  Review  of  the  Decade  1857-'67,"  "  Reconstruction,"  etc.,  etc. 

Two  vols.,  8yo.,  cloth ,;. .  ,     $10.00 

PAST,  PRESENT,  AND  FUTURE.    Svo $2.50 

PRINCIPLES  OF  SOCIAL  SCIENCE.    3  vols.,  8vo.,  cloth     $10.00 
THE  SLAVE-TRADE,  DOMESTIC  AND  FOREIGN;  Why  it  Ex- 
ists, and  How  it  may  be  Extinguished  (1853).  8vo.,  cloth     .    $2.00 
LETTERS  ON  INTERNATIONAL  COPYRIGHT  (1867)     .  .        50 
'   THE  UNITY  OF  LAW :  As  Exhibited  in  the  Relations  of  Physical, 
Social,  Mental,  and  Moral  Science  (1872).    In  one  volume,  Svo.; 
pp.  xxiii.,  433.    Cloth $3.50 

CHAPMAN.— A  Treatise  on  Bopemaking : 

■  As  Practised  in  private  and  public  Rope  yards,  with  a  Descriptiqji 
of  the  Manufacture,  Rules,  Tables  of  Weights,  etc.,  adapted  to  the 
Trades,  Shipping,  Mining,  Railways,  Builders,  etc.  By  Robebt 
Chapman.    24mo _   ■ ,     -    .  $1»50 
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COLBURK".— Thelioeomotive  Engine : 

Including  a  Description  of  its  Structure,  Rules  for  Estimating  its  Capa- 
bilities, and  Practical  Observations  on  its  Construction  and  Manage- 
ment. By  Zerah  COLBUKN.  Illustrated.  A  new  edition.  12mo.   $1.25 

CBAIK.  — The    Practical   American    Millwright   and 
Miller. 
By  David  Ceaik,  Millwright.    Illustrated  by  numerous  wood  en- 
gravings, and  two  folding  plates.    8vo $5.00 

DB  GRAFF.— The  Geometrical  Stair  Builders'  Guide : 

Being  a  Plain  Practical  System  of  Hand-Railing,  embracing  all  its 
necessary  Details,  and  Geonaetrieally  Illustrated  by  22  Steel  Engrav- 
ings ;  together  with  the  use  of  the  most  approved  principles  of  Prac- 
tical Geometry.    By  Simon  De  Gbafe;  Architect.    4to.       .      $5.00 

DE  KONINCK.— DIETZ.— A  Practical  Manual  of  Che- 
mical Analysis  and  Assaying : 

As  applied  to  the  Manufacture  of  Iron  from  its  Ores,  and  to  Cast  Iron,. 
Wrought  Iron,  and  Steel,  as  found  in  Commerce.  By  L.  L.  De  Kon- 
INCK,  Dr.  Sc,  and  E.  Dietz,  Engineer.  Edited  with  Notes,  by  Robert 
Mallet,  F.R.S.,  F.S.G.,  M.I.C.E.,  etc.  American  Edition,  Edited 
with  Notes  and  an  Appendix  on  Iron  Ores,  by  A.  A.  Fesquet,  Chemist 
and  Engineer.    One  volume,  12mo $2.50 

JDTJNCAIT.— Practical  Surveyor's  Guide: 

Containing  the  necessary  infcrmation  to  make  any  person,  of  common 
capacity,  a  finished  laud  surveyor  without  the  aid  of  a  teacher.  By 
Andrew  Duncan.    Illustrated.    12mo.,  cloth.    .       .       .       $1.25 

DUPLAIS.— A  Treatise  on  the  Manufacture  and  Dis- 
tillation of  Alcoholic  Iiiquors : 

Comprising  Accurate  and  Complete  Details  in  Regard  to  Alcohol  from 
Wine,  Molasses,  Beets,  Grain,  Rice,  Potatoes,  Sorghum,  Asphodel, 
Fruits,  etc. ;  with  the  Distillfttion  and  Rectification  of  Brandy,  Whis- 
key, Rum,  Gin,  Swiss,  Absinthe,  ete.,  the  Preparation  of  Aromatic  Wa- 
ters, Volatile  Oils  or  Essences,  Sugars,  Syrups,  Aromatic  Tinctures, 
Liqueurs,  Cordial  Wines,  Effervescing  Wines,  etc.,  the  Aging  of  Brandy 
and  the  Improvement  of  Spirits,  with  Copious  Directions  and  Tables 
for  Testing  and  Reducing  Spirituous  Liquors,  ete.,  ete.  Translated 
and  Edited  from  the  French  of  MM.  Duplais,  Ain4  et  Jeune.  By 
M.  McKennie,  M.D.  To  which  are  added  the  United  States  Internal 
Revenue  Regulations  for  the  Assessment  and  Collection  of  Taxes  on 
Distilled  Spirits.  Illustrated  by  fourteen  folding  plates  and  several 
wood  engravings.    743  pp.,  8vo $10.00 

DUSSATJCE. — A  General  Treatise  on  the  Manufacture 
of  Every  Description  of  Soap : 

Comprising  the  Chemistry  of  the  Art,  with  Remarks  on  Alkalies,  Sa-' 
ponifiable  Fatty  Bodies,  the  apparatus  necessary  in  a  Soap  Factory, 
^  Practical  Instructions  in  the  manufacture  of  the  various  kinds  of  Soap, 
the  assay  of  Soaps,  etc.,  etc.  Edited  from  Notes  of  Larme,  Font«nelfe, 
Malapayre,  Dufour,  and  others,  with  large  and  important  additions  by 
Prof.  H.  DusSATJCE,  Chemist.    Illustrated.  In  one  vol.,  8Vo.    .    $10.00 
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DUSSAUCE.— A  General  Treatise  on  the  Manufacture 
of  Vinegar : 

Theoretical  and  Practical.  Comprising  the  various  Methods,  by  the 
Slow  and  the  Quick  Processes,  with  Alcohol,  Wine,  Grain,  Malt,  Cider, 
Molasses,  and  Beets ;  as  well  as  the  Pabrioatiou  of  Wood  Vinegar,  etc., 
etc.    By  Prof.  H.  DnsSAUCB.    In  one  volume,  8vo.      .        .        $5.00 

DUSSAUCE.— A  New  and  Complete  Treatise  on  the 
Arts  of  Tanning,  Currying,  and  Leather  Dressing : 
Comprising  all  the  Discoveries  and  Improvements  made  in  France, 
Great  Britain,  and  the  United  States.  Edited  from  Notes  and  Docu- 
ments of  Messrs.  Sallerou,  Grouvelle,  Duval,  Dessables,  Labarraque, 
Payen,  Een6,  De  Fontenelle,  Malapeyre,  etc.,  etc.  By  Prof.  H.  Dus- 
SATJCE,  Chemist.    Illustrated  by  212  wood  engravings.    8vo.     $25.00 

DUSSAUCE.— A  Practical  Guide  for  the  Perfumer  : 

Being  a  New  Treatise  on  Perfumery  the  most  favorable  to  the  Beauty 
without  being  injurious  to  the  Health,  comprising  a  Description  of  the 
substances  used  in  Perfumery,  the  Formulae  of  more  than  1000  Prepa- 
rations, such  as  Cosmetics,  Perfumed  Oils,  Tooth  Powders,  Waters, 
Extracts,  Tinctures,  Infusions,  Spirits,  Vinaigres,  Essential  Oils,  Pas- 
tels, Creams,  Soaps,  and  many  new  Hygienic  Products  not  hitherto 
described.  Edited  from  Notes  and  Documents  of  Messrs.  Debay,  Lb- 
nel,etc.  With  additions  by  Prof.  H.  Dussauce,  Chemist.  12mo.    $3.00 

DUSSAUCE.— Practical   Treatise   on  the  Fabrication 
of  Matches,  Gun  Cotton,  and  Fulminating  Powders. 

By  Prof.  H.  Dussatice.   -12mo $3.00 

Dyer  and  Color-maker's  Companion: 

Containing  upwards  of  200  Eeceipts  for  making  Colors,  on  the  most 
approved  principles,  for  all  the  various  styles  and  fabrics  now  m  exist- 
ence; with  the  Scouring  Process,  and  plain  Directions  for  Preparing, 
Washing-oflF,  and  Finishing  the  Goods.    In  one  vol.,  12mo.      .    $1.25 

EASTON.— A  Practical  Treatise  on  Street  or  Horse- 
power Railways. 

Bv  Alexander  Easton,  C.E.  Illustrated  by  23  plates.  8vo., 
cloth *2.00 

ELDER.- Questions  of  the  Day : 
Economic  and  Social,    fiy  Dr.  William  Eldeb.    8vo.       .        $3.00 

FAIRBAIRN.— The  Principles  of  Mechanism  and  Ma- 
chinery of  Transmission : 
Comprising  the  Principles  of  Mechanism,  Wheels,  and  Pulleys, 
Strength  and  Proportions  of  Shafts,  Coupling  of  Shafts,  and  Engaging 
and  Disengaging  Gear.  By  Sir  William  Faibbaien,  C.E.,  LL.D., 
F.E.S.  F.G.S.  Beautifully  illustrated  by  over  150  wood-cuts.  In 
one  volume,  12mo *2-'^" 

FORSYTH.— Book  of  Designs  for  Headstones,  Mural, 
and  other  Monuments : 

Containing  78  Designs.  By  James  Fobsyth.  With  an  Introduction 
by  Chakles  Boutell,  M.  A,    4to.,  cloth *o-UU 
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GIBSON.— The  American  Dyer : 

A  Practical  Treatise  on  the  Coloring  of  Wool,  Cotton,  Yarn  and 
Clotli,  in  three  parts.    Part  First  gives  a  descriptive  account  of  the 

,  Dye  Stuffs ;  if  of  vegetable  origin,  where  produced,  how  cultivated, 
ami  Ijow  prepared  for  use ;  if  chemical,  their  composition,  specific 

■  gravities,  and  general  adaptability,  how  adulterated,  and  how  to  de- 
tect the  adulterations,  etc.  Part  Second  is  devoted  to  the  Coloring  of 
Wool,  giving  recipes  for  one  hundred  and  twenty-nine  different  colors 
or  shades,  and  is  supplied  with  sixty  colored  samples  of  Wool.  Part 
'  Third  is  devoted  to  the  Coloring  of  Raw  Cotton  or  Cotton  Waste,  for 
mixing  with  Wool  Colors  in  the  Manufacture  of  all  kinds  of  Fabrics, 
gives  recipes  for  thirty-eight  different  colors  or  shades,  and  is  supplied 
with  twenty-four  colored  samples  of  Cotton  Waste.  Also,  recipes  for 
Coloring  Beavers,  Doeskins,  and  Flannels,  with  remarks  upon  Ani- 
lines,  giving  recipes  for  fifteen  different  colors  or  shades,  and  nine 
samples  of  Aniline  Colors  that  will  stand  both  the  Fulling  and  Scour- 
ing process.  Also,  recipes  for  Aniline  Colors  on  Cotton  Thread,  and 
recipes  for  Common  Colors  on  Cotton  Yams.  Embracing  in  all  over 
two  hundred  recipes  for  Colors  and  Shades,  and  ninety-four  samples 
of  Colored  Wool  and  Cotton  Waste,  etc.  By  Riohaed  H.  Gibson, 
Practical  Dyer  and  Chemist.    In  one  volume,  8vo.     .        .        $12.50 

GILBART. — History  and  Principles  of  Banking : 

A  Practical  Treatise.  By  Jambs  W.  Gilbakt,  late  Manager  of  the 
London  and  Westminster  Bank.  With  additions.  In  one  volume; 
8vo.,  600  pages,  sheep $5.00 

Gothic  Album  for  Cabinet  Makers: 

Comprising  a  Collection  of  Designs  for  Gothic  Furniture.  Dlustrated 
by  23  large  and  beautifally  engraved  plates.    Oblong  .        .        $3.00 

GRA]S"T.  —  Beet-root   Sugar  and  Cultivation  of  the 
Beet. 

By  E,  B.  Geant.    12mo $1.25 

GBE  GOBY.— Mathematics  for  Practical  Men : 

,    Adapted  to  the  Pursuits  of  Surveyors,  Architects,  Mechanics,  and 
Civil  Engin.eers..  By  Olihthus  Gregory.    8vo.,  plates,  cloth'  $3.09 

GBISWOLD.— Railroad  Engineer's  Pocket  Compan- 
(       ionfor  the  Field: 

Comprising  Rules  for  Calculating  Deflection  Distances  and  Angles, 
Tangential  Distances  and  Angles,  and  all  Necessary  Tables  for  Engi- 
neers ;  also  the  art  of  Levelling  from  Preliminary  Survey  to  the  Con- 
struction of  Railroads,  intended  Expressly  for  the  Young  Engineer, 
together  with  Numerous  Valuable  Rules  and  Examples.  By  W. 
Geiswold.     12mo.,  tucks       ,        .        .        .        ;        .        .        $1.75 

GBUNER.— Studies  of  Blast  Furnace  Phenomena. 

'  ^XM-  L-  Gkttner,  President  of  the  General  Council  of  Mines  of 

France,  and  lately  Professor  of  Metallurgy  at  the  Ecole  des  Mines 

,    Translated,  with  the  Author's  sanction,  with  an  Appendix,  bv  L  D  B 

.^Gordon,  F;U.S.E., P. G.S,    Illustrated.    8yo.     .       ,       ,       $2.50 
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GUETTIEE— MetaUic  AUoys:  '_'~ 

Being  a  Practical  Guide  to  their  Chemical  and  Physical  Properties, 
their  Preparation,  Composition,  and  Uses.  Translated  from  the 
Frendi  of  A.  Gf:^ttieb,  Engineer  and  Director  of.Foundries,  author 
^  of"  La  Fouderie.  en  France,"  etc.,  etc.  By  A.  A.  FebqueT;  Chemist 
and  Engineer.    In  one  volume,  12mo $3.00 

HARRIS. — Gas  Superintendent's  Pocket  Companion. 

By  Haeeis  &  Brother,  Gas  Meter  Manufacturers,  1115  and  1117 
'    Cherry  Street,  Philadelphia.    Full  hound  in  pocket-book  form    $2.00 

Hats  and  Felting: 

A  Practical  Treatise  on  their  Manufacture.    By  a  Practical  Hatter. 
Illustrated  by  Drawings  of  Machinery,  etc.    8vo.  .        .        .        $1.25 
i.  .   .        -  -  .  '       -       - 

HOFMAWN. — ^A  Practical  Treatise  on  the  Manufac- 
ture of  Paper  in  all  its  Branches. 

'  ^y  Carl  Hofmann.  Late  Superintendent  of  paper  mills  in  Ger- 
many and  the  United  States ;  recently  manager  of  the  Public  Ledger 
Paper  Mills,  near  Elkton,  Md.  Illustrated  by  110  wood  engravings, 
and  five  large  folding  plates.  In  one  volume,  4to.,  cloth;  398 
pages $15.00 

HUGHES. — American  Miller  and  Millwright's  Assist- 
ant. 

By  Wm.  Carter  Hughes.  A  new  e^tion.  In  one  vol.,  12mo.  $1.50 

HURST. — A  Hand-Book  for  Architectural  Surveyors 
and  others  engaged  in  Building: 

'  ■  Containing  Formulae  useful  in  Designing  Builder's  work.  Table  of 
Weights,  of  the  materials  used  in  Building,  Memoranda  connected 

Tt  with  Builders'  work.  Mensuration,  the  Practice  of  Builders'  Measure- 
ment, Contracts  of  Labor,  Valuation  of  Property,  Sunamary  of  the 

.•  Practice  in  Dilapidation,  etc.,  etc.  By  J.  F.  Hurst,  C.E.  Second 
'edition,  pocket-book  form,  full  bound $2.50 

r^ERVIS.— Railway  Property : 

'     A  Treatise  on  the  Construction  and'  Management  of  Railways;  ,de- 

'  '  signed'  to  afford  useful  knowledge,  in  the  popular  style,  to  the  holders 

of  this -class  of  property;  as  well  as.  Railway  Managers  Officers,  and 

Agents.    By  John  B.  Jebvis,  late  Chief  Engineer  of  the  Hudson 

■  River  Railroad,  Croton  Aqueduct,  etc.    In  one  vol.,  a2mo.,  cloth  $2.00 

JOHNSTON.— Instructions  for  the  Analysis  of  Soils, 
Limestones,  and  Manures. 
By  J.  F.  W.  Johnston.    12mo.        .       .       •..;.„■       •       ^* 
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KEENE.— A  Hand-Book  of  Practical  Gauging : 

For  the  Use  of  Beginners,  to  which  is  added,  A  Chapter  on  Distilla- 
tion, describing  the  process  in  operation  at  the  Custom  House  for 
ascertaining  the  strength  of  wines.  By  James  B.  Kbenb,  of  H.  M. 
Customs.    «vo 4        ....        $1.25 

KELLEY.— Speeches,  Addresses,  and  Letters  on  In- 
dustrial and  Financial  Questions. 

By  Hon.  William  D.  Kelley,  M.  C.  In  one  volume,  544  pages, 
8vo $3.00 

KENTISH.— A  Treatise  on  a  Box  of  Instruments, 

And  the  Slide  Rule ;  with  the  Theory  of  Trigonometry  and  Loga- 
rithms, including  Practical  Geometry,  Surveying,  Measuring  of  Tim- 
ber, Cask  and  Malt  Gauging,  Heights,  and  Distances.  ByTHOMAS 
Kentish.    In  one  volume.    12mo $1.25 

KOBELL.—ERNI.— Mineralogy  Simplified: 

A  short  Method  of  Determining  and  Classifying  Minerals,  by  means 
of  simple  Chemical  Experiments  in  the  Wet  Way.  Translated  from 
the  last  German  Edition  of  F.  Von  Kobell,  with  an  Introduction  to 
Blow-pipe  Analysis  and  other  additions.  By  Henki  EbNi,  M.  D., 
late  Chief  Chemist,  Department  of  Agriculture,  author  of  "  Coal  Oil 
and  Petroleum."    In  one  volume,  12mo $2.50 

IiANDRIN.— A  Treatise  on  Steel: 

Comprising  its  Theory,  Metallurgy,  Properties,  Practical  Woi-king, 
and  Use.  By  M.  H.  C.  Lazsidbin,  Jr.,  Civil  Engineer.  Translated 
from  the  French,  with  Notes,  by  A.  A.  Fesquet,  Chemist  and  Engi- 
neer. With,an  Appendix  on  the  Bessemer  and  the  Martin  Processes 
for  Manufactux-ing  Steel,  from  the  Report  of  Abram  S.  Hewitt,  United 
States  Commissioner  to  the  Universal  Exposition,  Paris,  1867.    In  Ofr#" 

volume,  12mo.  .        ^ $8.00 

t 

IiARKIK.— The  Practical  Brass  and  Iron  Pounder's 
Guide : 

A  Concise  Trea+ise  on  Brass  Founding,  Moulding,  the  Metals  and  their 
Alloys,  etc. :  to  which  are  added  Recent  Improvements  in  the  Manu- 
facture of  Iron,  Steel  by  the  Bessemer  Process,  etc.,  etc.  By  James 
Laekin,  late  Conductor  of  the  Brass  Foundry  Department  in  Reany 
Neafie  &  Go's.  Penn  Works,  Philadelphia.  Fifth  edition,  revised' 
w'ilh  Extensive  additions.    In  one  volume,  12mo.  .        .        $2.25 

LEAVITT.--Paets  about  Peat  as  an  Article  of  Fuel : 

With  Remarks  upon  its  Origin  and  Composition,  the  Localities  in 
whicli  it  is  found,  the  Methods  of  Preparation  and  Mfanufacture  and 
the  various  Uses  to  which  it  is  applicable ;  together  with  many  other 
matters  of  Practical  and  Scientific  Interest.  To  which  is  added  a  chap- 
ter on  the  Utilization  of  Coal  Dust  with  Peat  for  the  Production  of  an 
Excellent  Fuel  at  Moderate  Cost,  specially  adapted  for  Steam  Service 
By  T.  H.  Leavitt.    Third  edition.    12mo.  •        •        •       $1 75 
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LEROUX,  C— A  Practical  Treatise  on  the  Manufac- 
ture of  Worsteds  and  Carded  Yarns  : 

Comprising  Practical  Mechanics,  ■with  Rules  and  Calculations  applied 
to  Spinning ;  Sorting,  Cleaning,  and  Scouring  Wools ;  the  English 
and  French  methods  of  Combing,  Drawing,  and  Spinning  Worsteds 
and  Manufacturing  Carded  Yarns.  Translated  from  the  French  of 
ChaSles  liEEOUX,  Mechanical  Engineer,  and  Superintendent  of  a 
Spinning  Mill,  by  Horatio  Paine,  M.  D.,  and  A.  A.  Fbsquet, 
CSiemiat  and  Engineer.  Illustrated  by  12  large  Plates.  To  which  is 
added  an  Appendix,  containing  extracts  from  the  Reports  of  the  Inter- 
national Jurjr,  and  of  the  Artisans  selected  by  the  Committee  appointed 
by  the  Council  of  the  Society  of  Arts,  London,  on  Woollen  and  Worsted 
JKachinery  and  Fabrics,  as  exhibited  in  the  Paris  Universal  Exposi- 
tion, 1867.    8vo.,  cloth $5.00 

LiSSIiIE  (Miss).— Complete  Cookery: 

Directions  for  Cookery  in  its  Various  Branches.  By  MiSS  Lesuie. 
60th  thousand.  Thoroughly  revised,  with  the  addition  of  New  Re- 
ceipts.   In  one  volume,  12mo.,  cloth.      .....        $1.50 

LESLIE  (Miss).— Ladies'  House  Book : 
A  Manual  of  Domestic  Economy.    20th  revised  edition.    12mo.,  cloth. 

LESZiIE  (Miss). — Two  Hundred  Receipts  in  French 
Cookery. 
Cloth,  12mo. 

CiIEBEB.— Assayer's  Guide : 

Or,  Practical  Directions  to  Assayers,  Miners,  and  Smelters,  for  the 
Tests  and  Assays,,  by  Heat  and  by  Wet  Processes,  for  the  Ores  of  all 
the  principal  Metals,  of  Gold  and  Silver  Coins  and  Alloys,  and  of 
Coal,  etc.    By  Osoab  M.  Liebeb.    12mo.,  cloth.         .       .       $1.25 

CiOTH.— The  Practical  Stair  BuUder: 

A  Complete  Treatise  on  the  Art  of  Building  Stairs  and  Hand-Rails,  - 
Designed  for  Carpenters,  Builders,  and  Stair-Builders.    Illustrated 
with  Thirty  Original  Plates.    By  C.  Edward  Loth,  Professional 
Stair-Builder.    One  large  4to.  volume $10.00 

LOVE.— The  Art  of  Dyeing,  Cleaning,  Scouring,  and 
Finishing,  on  the  Most  Approved  English  and 
French  Methods:       •*%- 

Being  Practical  Instructions  in  Dyeing  Silks,  Woollens,  and  Cottons, 
Feathers,  Chips,  Straw,  etc.  Scouring  and  Cleaming  Bed  and  Window 
Curtains,  Carpets,  Rugs,  etc.  French  and  English  Cleaning,  any 
Color  or  Fabric  of  Silk,  Satin,  or  Damask.  By  Thomas  Love,  a 
Working  Dyer  and  Scourer.  Second  American  Edition,  to  which  are 
lidded  General  Instructions  for  the  Use  .of  Aniline  Colors.  In  one 
volume,  8vo.,  343  pages.  $5.00 
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MAIN  and   BROWN— Quesl^ons    on    Subjects   Con» 
nected  with  theJVtariiie  Steam-Engine : 

■  And  Examination  Papers-;  with  Hints  for  their  Sglution.  By  Thomas 
J.  Main,  Professor  of  Mathematics,  Royal  Naval  College,  and  Thomas 
Bbown,  Chief  Engineer,  E.  N.     12mo.,  cloth.        .       '.        .        $1.50 

MAIN  and  BROWN.— The  Indicator  and  Dynamo- 
meter : 
With  their  Practical  Applications  to  the  Steam-Engine.  By  Thomas 
J.  Main,  M.  A.  F.  E.,  Assistant  Professor  Royal  Naval  College,  Ports- 
mouth, and  Thomas  Brown,  Assoc.  Inst.  C.  E.,  Chief  Engineer,  E. 
N.,  attached  to  the  Royal  Naval  College.  Illustrated.  From  the 
Fourth  London  Edition.    8vo $1.50 

MAIN  and  BROWN.— The  Marine  Steam-Engine. 

By  Thomas  J.  Main,  F.  E.  ;  Assistant  S.  Mathematical  Professor  at 
the  Eoyal  Naval  College,  Portsmouth,  and, Thomas  Bbown,  Assoc. 
Inst.  C.  E.,  Chief  Engineer  E.  N.  Attached  to  the  Eoyal  Naval  Col- 
•  lege.  Authors  of  "QuestiDns. connected  with  the  Marine  Steam-En- 
gine," and  the  "  Indicator  and  Dynamometer."  With  numerous  Illus- 
trations.   In  one  volume,  8vo.         ......        $5.00 

MARTIN.— Screw-Cutting  Tables,  for  the  Use  of  Me- 
chanical Engineers:  -,  * 
Showing  the  Proper  Arrangement  of  Wheels  for  Cutting  the  Threads 
of  Screws  of  any  required  Pitch ;  with  a  Table  for  Msiking  the  Uni- 
versal Gas-Pipe  Thread  and  Taps.  By  W.  A.  Maktin,  Engineer. 
8vo 50 

Mechanics'  (Amateur)  Workshop: 
A  treatise  containing  plain  and  concise  directions  for  the  manipula-, 
tion  of  Wood  and  Metals,  including  Casting,  Forging,  Brazing,  Sol- 
dering; and  Carpentry.    By  the  author  of  th«  "  Lathe  and  its  Uses." 
Third  edition.    Illustrated.    8vo $3.00 

MOLESWORTH.— Pocket-Book  of  ITsefoL  Formulae 
and  Memoranda  for  Civil  and  Mechanical  Engi- 
neers. 
By  Guilford  L.  Moleswobth,  Member  of  the  Institution  of  Civil 
Engineers,  Chief  Eesident  Engineer  of  the  Ceylon  Eailway.  Second 
American,  from  the  Tenth  London  Edition.  In  one  volume,  full 
bound  in  pocket-book  form $2.00 

NAPIER.— A  System  of  Chemistry  Applied  to  Dyeing. 

By  James  Napier,  F.  C.  S.  A  New  and  Thoroughly  Revised  Edi- 
tion. Completely  brought  up  to  the  present  state  of  the  Science,  inclu- 
ding the  Chemistry  of  Coal  Tar  Colors,  by  A.  A.  Fesquet,  Chemist 
and  Engineer.  With  an  Appendix  on  Dyeing  and  Calico  Printing,  as 
shown  at  the  Universal  Exposition,  Paris,  1867.  Illustrated.  In  one 
>     Volume,  8vo.,  422  pages.   ......        ,        ...        $5.00 
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NAPIER.— Manual  of  Electro-Metallurgy : 

,    Including  the  Application  of  the  Art  to  Manufacturing  Processes.    By 

James  Nai^ier.     Fourth  American,  from  the  Fourth  London  edition, 

,    revised  and  enlarged.  Illustrated  by  engravings. .  In.one  vol.,  8vo.  $2.00 

NASOW. — Table  of  Reactions  for  Qualitative  Chemical 
Analysis. 

By  Henry  B.  Nason,  Professor  of  Chemistry  in  the  Rensselaer  Poly- 
technic Institute,  Troy,  New  York.    Illustrated  by  Colors.       .        63 

NEWBERY.^Gleanings    from    Ornamental    Art    of 

every  style : , 

Drawn  from  Examples  in  the  British,  South  Kensington,  Indian, 

Crystal  Palace,  and  other  Museums,  the  Exhibitions  of  1851  and  1862, 

and  the  best  English  and  Foreign  works.    In  a  series  of  one  hundred 

,  exquisitely  drawn  Plates,  containing,  many  hundred  examples.  By 
Robert  Newbery.    4to '.       $15.00 

NICHOLSON.— A  Manual  of  the  Art  of  Bookbinding : 

Containing  full  instructions  in  the  different  Branches  of  Forwaiding, 
Gilding,  and  Finishing.  Also,  the  Art  of  Marbling  Book-edges  and 
Paper.    By  James  B.  Nicholson.    Illustrated.    12mo.,  cloth.  $2.25 

NICHOLSON.— The  Carpenter's  New  Guide: 

A  Complete  Book  of  Lines  for  Carpenters  and  Joiners.  By  Peter 
V    Nicholson,    The  whole  carefully  and  thoroughly  revised  by  H.  K. 

Davis,  and  containing  numerous  new  and  improved  and  original  De- 
.  signs  for  Roofs,  Domes,  etc.  By  Samuel  Sloan,  Architect.  Illus- 
'    trated  by '80  plates.    4to.  .  '      .        .        .        .        .        .        $4.50 

NORRIS.— A  Hand-book  for    Locomotive    Engineers 
and  Machinists : 

Comprising  the  Proportions  and  Calculations  for  Constructing  Loco- 
motives ;  Manner  of  Setting  Valves ;  Tables  of  Squares,  Cubes,  Areas, 
etc.,  etc.  By  Septimus  Norris,  Civil  and  Mechanical  Engineer. 
New  edition.    Illustrated.    12mo.,  cloth $2.00 

NYSTROM.— On    Technological   Education,  and   the 
Construction  of  Ships  and  Screw  Propellers : 

For  Naval  and  Marine  Engineers.  By  John  W.  Nystrom,  late  Act- 
ing Chief  Engineer,  XT.  S.  N.  Second  edition,  revised  with  additional 
matter.    Illustrated  by  seven  engravings.    12mo.  .        .        $1.50 

O'NEILL.— A  Dictionary  of  Dyeing  and  Calico  Print- 

•       irig: 

Containing  a  brief  account  of  all  the  Substances  and  Processes  m  use 
in  the  Art  of  Dyeing  and  Printing  Textile  Fabrics;  with  Practical 

■  Receipts  and  Scientific  Information.  By  Charles  0  Neill,  Ana- 
lytical Chemist ;  Fellow  ofthe  Chemical  Society  of  Loudon;  Member 
of  the  Literarv  and  Philosophical  Society  of  Manchester ;  Author  of 
"Chemistry  of  Calico  Printing  and  Dyeing.".  To  which  is  added  an 
Essay  on  Coal  Tar  Colors  and  their  application  to  Dyeing  and  Calico 
Printing.  By  A.  A.  Fesqtjet,  Chemist  and  Engineer.  With  an  Ap- 
pendix on  Dyeing  and  Calico  Printing,  as  shown  at  the  Universal 

^   Exposition;  Paris,-1867.    In  one  Volume,  8vo;,  491  pages.     .        $6.00 
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ORTON". — IJndergrouiid  Treasures  : 

How  and  Where  to  Eind  Them.  A  Key  for  the  Ready  Determinatfon 
of  all  the  Useful  Minerals  within  the  United  States.  By  James 
Orton,  a.  M.    Illustrated,  12mo.   .        .        .        .        .        .        $1.60 

OSBORN.— American  Mines  and  Mining: 

Theoretically  and  Practically  Considered.  By  Prof.  H.  S.  Osborn. 
Illustrated  by  numerous  engravings.    8vo.     (In  preparation.) 

OSBORN.— The  Metallurgy  of  Iron  and  Steel : 

Theoretical  and  Practical  in  all  its  Branches ;  with  special  reference 
to  American  Materials  and  Processes.  By  H.  S.  Osbokn,  LL.  D., 
Professor  of  Mining  and  Metallurgy  in  Lafayette  College,  Easton, 
Pennsylvania.  Illustrated  by  numerous  large  folding  pla,tes  and 
wood-engravings.     8vo. $15.00 

OVERMAN.— The  Manufacture  of  Steel : 
Containing  the  Practice  and  Principles  of  Working  and  Making  Steel. 
A  Handbook  for  Blacksmiths  and  Workers  in  Steel  and  Iron,  Wagon 
JJakers,  Die  Sinkers,  Cutlers,  and  Manufacturers  of  Files  and  "Hard- 
ware, of  Steel  and  Iron,  and  for  Men  of  Science  and  Art.  By  Fred- 
erick Overman,  Mining  Engineer,  Author  of  the  "  Manufacture  of 
Iron,"  etc.  A  new,  enlarged,  and  revised  Edition.  By  A.  A.  FESQTtET, 
Chemist  and  Engineer $1.50 

OVERMAN.— The    Moulder  and    Pounder's    Pocket 
Guide : 

A  Treatise  on  Moulding  and  Founding  in  Green-sand,  Dry-sand,  Loam, 
and  Cement ;  the  Moulding  of  Machine  Frames,  Mill-gear,  Hollow- 
ware,  Ornaments,  Trinkets,  Bells,  and  Statues  ;  Description  of  Moulds 
for  Iron,  Bronze,  Brass,  and  other  Metals ;  Plaster  of  Paris,  Sulphur, 
Wax,  and  other  articles  commonly  used  in  Casting ;  the  Construction 
of  Melting  Furnaces,  the  Melting  and  Founding  of  Metals  ;  the  Com- 
position of  Alloys  and  their  Nature.  With  an  Appendix  containing 
Receipts  for  Alloys,  Bronze,  Varnishes  and  Colors  for  Castings;  also. 
Tables  on  the  Strength  and  other  qualities  of  Cast  Metals.  By  Fred- 
erick Overman,  Mining  Engineer,  Author  of  "  The  Manufacture 
of  Iron."     With  42  Illustrations.     12mo $1,50 

Painter,  Gilder,  and  Varnisher's  Companion : 

Containing  Rules  and  Regulations  in  everything  relating  to  the  Aria 
of  Painting,  Gildiflg,  Varnishing,  Glass-Staining,  Graining,  Marbling, 
Sign-Writing,  Gilding  on  Glass,  and  Coach  Painting  and  Varnishing ; 
Tests  for  the  Detection  of  Adulterations  in  Oils,  Colors,  etc. ;  and  a 
Statement  of  the  Diseases  to  which  Painters  are  peculiarly  liable,  with 
the  Simplest  and  Best  Remedies.  Sixteenth  Edition.  Revised,  with 
an  Appendix.  Containing  Colors  and  Coloring— Theoretical  and 
Practical.  Comprising  descriptions  of  a  great  variety  of  Additional 
Pigments,  their  Qualities  and  Uses,  to  which  are  added,  Dryers,  and 
Modes  and  Operations  of  Painting,  etc.  Together  with  Chevreul's 
Principles  of  Harmony  and  Contrast  of  Colors.    12mo.,  cloth.      $1.50 
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PALLETT.— The  MiUer's,  Millwright's,  and  Engineer's 
Guide. 

By  Henky  Pallett.    Illustrated.    In  one  volume,  12mo.        $3.00 

PEBCT.— The  Manufacture  of  Russian  Sheet-Iron. 
By  John  Pekcy,  M.B.,  F.R.S.,  Lecturer  on  Metallurgy  at  the  Royal 
School  of  Mines,  and  to  The  Advanced  Class  of  Artillery  Officers  at 
the  Royal  Artillery  Institution,  Woolwich ;  Author  of  "  Metallurgy." 
With  Illustrations.   8vo.,  paper.    ......        60  eis. 

PEBKINS.— Gas  and  Ventilation. 

Practical  Treatise  on  Gas  and  Ventilation.  With  Special  Relation  to 
Illuminating,  Heating,  and  Cooking  by  Gas.  Including  Scientific 
Helps  to  Engineer-students  and  others.  With  Illustrated  Diagrams. 
By  E.  E.  Perkins.  12mo.,  cloth $1.25 

PERKINS  and  STOWE.— A  New  Guide  to  the  Sheet- 
iron  and  Boiler  Plate  Roller : 

Containing  a  Series  of  Tables  showing  the  Weight  of  Slabs  and  Piles 
to  produce  Boiler  Plates,  and  of  the  Weight  of  Piles  and  the  Sizes  of 
Bars  to  produce  Sheet-iron;  the  Thickness  of  the  Bar  Gauge  in 
decimals ;  the  Weight  per  foot,  and  the  Thickness  on  the  Bar  or  Wire 
Gauge  of  the  fractional  parts  of  an  inch ;  the  Weight  per  sheet,  and 
the  Thickness  on  the  Wire  Gauge  of  Sheet-iron  of  various  dimensions 
to  weigh  112  lbs.  per  bundle;  and  the  conversion  of  Short  Weight 
into  Long  Weight,  and  Long  Weight  into  Short.  Estimated  and  col- 
lected by  G.  H.  Perkins  and  J.  G.  Stowe $2.50 

PHILLIPS  and  DARLINGTON.— Records  of  Mining 
and  Metallurgy; 

Or  Facts  and  Memoranda  for  the  use  of  the  Mine  Agent  and  Smelter. 
By  J.  Arthur  Phillips,  Mining  Engineer,  Graduate  of  the  Imperial 
School  of  Mines,  France,  etc.,  and  John  Darlington.  Illustrated 
by  numerous  engravings.    In  one  volume,  12mo.  .        .        $2.00 

PROTBAUX.— Practical  Guide  for  the  Manufacture 
of  Paper  and  Boards. 

By  A.  Peoteaux,  .Civil  Engineer,  and  Graduate  of  the  School  of  Arts 
and  Manufactures,  and  Director  of  Thiers'  Paper  Mill,  Puy-de-D8me. 
With  additions,  by  L.  S.  Le  Noemand.  Translated  from  the  French, 
with  Notes,  by  Horatio  Paine,  A.  B.,  M.  D.  To  which  is  added  a 
Chapter  on  the  Manufacture  of  Paper  from  Wood  in  the  United 
States,  by  Henry  T.  Brown,  of  the  "  American  Artisan."  Illus- 
trated by  six  plates,  containing  Drawings  of  Raw  Materials,  Machi- 
nery, Plana  ofPaper-Mills,  etc.,  etc.    8vo $10.00 

BEGNAULT.— Elements  of  Chemistry. 
By  M  V  Regnault.  Translated  from  the  French  by  T.  Forrest 
Betton  M.  D.,  and  edited,  with  Notes,  by  James  C.  Booth,  Melter 
and  Refiner  U.  S.  Mint,  and  Wm.  L.  Faber,  Metallurgist  and  Mining 
Engineer.  Illustrated  by  nearly  700  wood  engravings.  Comprising 
nearly  1500  pages.    In  two  volumes,  8vo.,  cloth.    .        .        .       $7.50 
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REID.— A  Practical  Treatise  on  the  Manufac|;ure  of 
Portland  Cement : 

J  By.HENBY  Reid,  C.  £.  To  which  is  added -a  Translation  of  M.  A. 
Lipowitz's  Work,  describing  a  New  Method  adopted  in  Germany  for 
Manufacturing  that  Cement,  by  "W.  F.  Reid.  _Illustratedby  plates- 
and  .wood  engravings.    8vo.     .        .        .,;"„'      .      "V       $6.00 

RIFFATJLT,  VERGNAtTD,  and  TOUSSAINT.— A 
Practical  Treatise  on  the  Manufacture  of  Var- 
nishes. 

By  MM.  RiFFATTLT,  VEBGNAtTD,  and  ToussAlNT.  Re-vised  and 
Edited  by  M.  F.  Malepeyke  and  Dr.  Emil  Wincklee.  Illustrated. 
In  one  volume,  8vo.     {In  preparation.) 

EIPPAULT,  VERGNATTD,  and  TOUSSAIBTT.— A 
Practical  Treatise  on  the  Manufacture  of  Colors 
for  Painting: 

Containing  the  best  Formulse  and  the  Processes  the  Newest^and  in 
most  General  Use.  By  M  M.  RiPPAiri.T,  Vergnaud,  and  TotrsSAiNT. 
Revised  and  Edited  by  M.  F.  Malepeyke  and  Dr.  Emil  Winckler. 
Translated  from  the  French  by  A.  A.  Fesquet,  Chemist  and  Engi- 
neer.   Illustrated  by  Engravings.    lu  one  volume,  650  pages,  8vo. 

$7.50 

BOBINSOIf.— Explosions  of  Steam  Boilers: 

How  they  are  Caused,  and  how  they  may  be  Prevented.    By  J.  E. 
'  Robinson,  Steam  Engineer.    12mo. $1.25 

EOPER. — A  Catechism  of  High  Pressure  or  Non- 
Condensing  Steam-Engines : 

Including  the  Modelling,  Constructing,  Running,  and  Management 
of  Steam  Engines  and  Steam  .  Boilers.  With  Illustrations.  .  By 
Stephen  Eopee,  Engineer.    FuU  bound  tucks    .      . .       .       $2.00 

ROSELEUE.— Galvanoplastio  Manipulations : 

A  Practical  Guide  for  the  Gold  and  Silver  Electro-plater  and  the 
Galvanoplastio  Operator.  Translated  from  the  French  of  AlpkEd 
RoSELEUR,  Chemist,  Professor  of  the  Galvanoplastio  Art,  Manufactu- 
rer of  Chemicals,  Gold  and  Silver  Electro-plater.  By  A.  A.  Fesquet, 
Chemist  and  Engineer.    Illustrated  by  over  127. Engravings  on  wood. 

8vo.,  495  pages. $6.00 

^^'  Th  is  Treatise  is  the  fullest  and  by  far  the  best  on  this  subject  ever 
publis7ied  m  the  United  States. 


SCHINZ.— Besearches   on  the  Action  of   the    Blast 
Furnace.  ^ 

.  By  Charles  Schinz.  Translated  from  the  German  with  the  special 
permission  of  the  Author  by  William  H.  Maw  and  MoRlTZ  MuL- 
LER.  With  an  Appendix  written  by  the  Author  expressly  for  this 
edition.    Illustrated  by  seven  plates,  containing  28  figures.    In  one 

,  volume,  12mo.  .        .        ...._..        ..       .        ,        .        $4.25 
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SHAW.— CivU  Architecture : 

Being  a  Complete  Theoretical  and  Practical  System  of  Building,  con- 
taining the  Fundamental  Principles  of  the  Art.  By  Edwakd  Shaw, 
Architect.  To  which  is  added  a  Treatise  on  Gothic  Architecture,  etc. 
By  Thomas  W.  Silloway  and  George  M.  Hakding,  Architects. 
The  whole  illustrated  by  One  Hundred  and  Two  quarto  plates  finely 
engraved  on  copper.     Eleventh  Edition.    4to.,  cloth.  .        $10.00 

SHUNK. — A  Practical   Treatise    on   Railway  Curves 
and  Location,  for  Young  Engineers. 
By  WitLlAM  F.  Shunk,  Civil  Engineer.     12mo.  .        .        $2.00 

SLOAN". — American  Houses : 

A  variety  of  Original  Designs  for  Rural  Buildings.  Illustrated  by  26 
colored  Engravings,  with  Descriptive  References.  By  Samuel  Sloan, 
Architect,  author  of  the  "  Model  Architect,"  etc.,  etc.    8vO.  $2.50 

SMEATON.— Builder's  Pocket  Companion: 

Containing  the  Elements  of  Building,  Surveying,  and  Architecture ; 
,  with  Practical  Rules  and  Instructions  connected  with  the  suWect. 
■  By  A.  C.  Smeaton,  Civil  Engineer,  etc.    In  one  vo],uiue,  12mo.    $1.50 

SMITH.— A  Manual  of  Political  Economy.    .  - 

By  E.  Peshine  Smith.  A  new  Edition,  to  which  is  added  a  full 
Index.    12mo.,  cloth .        .'        $1.25 

SMITH.— Parks  and  Pleasure  Grounds: 
Or  Practical  Notes  on  Country  Residences,  Villas,  Public  Parks,  and 
Gardens.     By  Charles  H.  J.  Smith,  Landscape  Gardener  and 
Garden  Architect,  etc.,  etc.     12mo.  .        .        ,        .        .        $2.25 

SMITH.— The  Dyer's  Instructor: 

Comprising  Practical  Instructions  in  the  Art  of  Dyeing  Silk,  Cotton, 
Wool,  and  Worsted,  and  Woollen  Goods :  containing  nearly  800 
Receipts.  To  which  is  added  a  Treatise  on  the  Art  of  Padding ;  and 
the  Printing  of  Silk  Warps,  Skeins,  and  Handkerchiefe,  and  the 
various  Mordants  and  Colors  for  the  different  styles  of  such  work. 
By  David  Smith,  Pattern  Dyer. .  12mo.,  cloth.    .       .       .       $3.00 

SMITH.— The  Practical  Dyer's  Guide: 

Comprising  Practical  Instructions  in  the  Dyeing  of  Shot  Cobourgs, 
Silk  Striped  Orleans,  Colored  Orleans  from  Black  Warps,  Ditto  from 
White  Warps,  Colored  Cobourgs  from  White  Warps,  Merinos,  Yarns, 
Woollen  Cloths,  etc.  Containing  nearly  300  Receipts,  to  most  of  which 
a  Dyed  Pattern  is  annexed.  Also,  A  Treatise  on  the  Art  of  Padding. 
"  Byn David  Smith.    In  one  volume,  8vo.  -  Price.         ,        .       $25.00 

Stewart.— The  Americian  System. 

Speeches  on  the  Tariff  Question,  and  on  Internal  Improvements,  princi- 
pally delivered  in  the  House  of  Representatives  of  the  United  States. 
By  Andrew  Stewart,  late  M.  C.  from  Pennsylvania..  With  a  Portrait, 
'  and  a  Biographical  Sketch.    In.  one  volume,  8vo.,  407  pages.      $3.00 
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STOKES.— Cabinet-maker's   and    Upholsterer's    Com- 
panion : 

Comprising  tlie  Rudiments  and  Principles  of  Cabinet-making  and  Up- 
holstery, with  Familiar  Instructions,  illustrated  by  Examples  for 
attaining  a  Proficiency  in  the  Art  of  Drawing,  as  applicable  to  Cabi- 
net-work ;  the  Processes  of  Veneering,  Inlaying,  and  Buhl- work ',  the 
Art  of  Dyeing  and  Staining  Wood,  Bone,  Tortoise  Shell,  etc.  Direc- 
tions for  Lackering,  Japanning,  and  Varnishing;  to  make  French 
Polish;  to  prepare  the  Best  Glues,  Cements,  and  Compositions,  and  a 
number  of  Receipts  particularly  useful  for  workmen  generally.  By 
J.  Stokes.    In  one  volume,  12mo.    With  Illustrations.        .        $1.25 

Strength  and  other  Properties  of  Metals: 

Reports  of  Experiments  on  the  Strength  and  other  Properties  of  Metals 
for  Cannon.  With  a  Description  of  the  Machines  for  testing  Metals, 
and  of  the  Classification  of  Cannon  in  service.  By  Ofiicers  of  the  Ord- 
nance Department  U.  S.  Army.  By  authority  of  the  Secretary  of  War. 
Illustrated  by  25  large  steel  plates.    In  one  volume,  4to.     .        $10.00 

SULIiIV AW.— Protection  to  Native  Industry. 
By  Sir  Edvtakd  Sttllivan,  Baronet,  author  of  "  Ten  Chapters  on 
Social  Reforms."    In  one  volume,  8vo $1.50 

Tables  Showing  the  Weight  of  Round,  Square,  and 
Mat  Bar  Iron,  Steel,  etc.. 

By  Measurement.     Cloth. 63 

TAYLOR.— Statistics  of  Coal : 

Including  Mineral  Bituminous  Substances  employed  in  Arts  and 
Manufactures ;  with  their  Geographical,  Geological,  and  Commercial 
Distribution  and  Amount  of  Production  and  Consumption  on  the 
American  Continent.  With  Incidental  Statistics  of  the  Iron  Manu- 
facture. By  R.  C.  Taylok.  Second  edition,  revised  by  S.  S.  Hal- 
DEMAN.  Illustrated  by  five  Maps  and  many  wood  engravings.  8vo., 
cloth $10.00 

TEMPLETON.— The  Practical  Examinator  on  Steam 
and  the  Steam-Engine : 

With  Instructive  References  relative  thereto,  arranged  for  the  Use  of 
Engineers,  Students,  and  others.  By  Wm.  Templbton,  Engineer. 
12mo $1.25 

THOMAS.— The  Modern  Practice  of  Photography. 

By  R.  W.  Thomas,  F.  C.  S.    8vo.,  cloth 75 

THOMSON.— Freight  Charges  Calculator. 

By  Andrew  Thomson,  Freight  Agent.    24mo.    .        .       .       $1.25 

TURNING:   Specimens  of  Fancy  Turning  Executed 
on  the  Hand  or  Foot  Lathe: 

With  Geometric,  Oval,  and  Eccentric  Chucks,  and  Elliptical  Cutting 
Frame.  By  an  Amateur.  Illustrated  by  30  exquisite  Photographs. 
4to $3.00 
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Ttirner'a  (The)  Companion: 
Containing  Instructions  in  Concentric,  Elliptic,  and  Eccentric  Turn- 
ing :  also  various  Plates  of  Chucks,  Tools,  and  Instruments ;  and  Di- 
rections for  using  the  Eccentric  Cutter,  Drill,  Vertical  Cutter,  and 
Circular  Eest ;  with  Patterns  and  Instructions  for  working  them.  A 
new  edition  in  one  Tolume,  12mo.  $1.50 

UEBIN.— BRIILL.— A  Practical  Guide  for  Puddling 
Iron  aiid  Steel. 
By  Ed.  TJkbin,  Engineer  of  Arts  and  Manufactures.  A  Prize  Essay 
read  before  the  Association  of  Engineers,  Graduate  of  the  School  of 
Mines,  of  Liege,  Belgium,  at  the  Meeting  of  1 865-6.  To  which  is  added 
A  Comparison  of  the  Kesisting  Properties  op  Iron  and  Steel. 
By  A.  Brull.  Translated  from  the  French  by  A.  A.  Fesquet,  Che- 
mist and  Engineer.    In  one  volume,  8vo $1.00 

VAILE. — Galvanized  Iron  Cornice- Worker's  Manual; 

Containing  Instructions  in  Laying  out  the  Different  Mitres,  and  Ma- 
king Patterns  for  all  kinds  of  Plam  and  Circular  Work.  Also,  Tables 
of  Weights,  Areas  and  Circumferences  of  Circles,  and  other  Mattel- 
calculated  to  Benefit  the  Trade.  By  Charles  A.  Vaile,  Superin- 
tendent "  Richmond  Cornice  Works,"  Richmond,  Indiana.  Illustra- 
ted by  21  Plates.    In  one  volume,  4to $5.00 

VIIiliE.— The  School  of  Chemical  Manures : 

Or,  Elementary  Principles  in  the  Use  of  Fertilizing  Agents.  From  the 
French  of  M.  George  Ville,  by  A.  A.  Fesquet,  Chemist  and  Engi- 
neer.    With  Illustrations.     In  one  volume,  12  mo.        .        .        $1.25 

VOGDES.— The  Architect's  and  Builder's  Pocket  Com- 
panion and  Price  Book: 

Consisting  of  a  Short  but  Comprehensive  Epitome  of  Decimals,  Duo- 
decimals, Geometry  and  Mensuration ;  with  Tables  of  U.  S.  Measures, 
Sizes,  Weights,  Strengths,  etc.,  of  Iron,  Wood,  Stone,  and  various 
other  Materials,  Quantities  of  Materials  in  Given  Sizes,  and  Dimen- 
sions of  Wood,  Brick,  and  Stone;  and  a  full  and  complete  BUI  of 
Prices  for  Carpenter's  Work ;  also,  Rules  for  Computing  and  Valumg 
Brick  and  Brick  Work,  Stone  Work,  Painting,  Plastering,  etc.  By 
Frank  W.  Vogdes,  Architect.    Illustrated.    1  ull  bound  mpoeket- 

bookform *2.00 

Bound  in  cloth ^•°" 

WARN.— The  Sheet-Metal  Worker's  Instructor: 

For  Zinc,  Sheet-Iron,  Copper,  and  Tin-Plate  Workers,  etc.  Contain- 
ing a  selection  of  Geometrical  Problems-;  also.  Practical  and  Simple 
Rules  for  describing  the  various  Patterns  "-eq^^ed  inthe  diferent 
branches  of  the  above  Trades.  By  Reuben  H.  Warn,  Practical  Tin- 
plate  Worker.  To  which  is  added  an  Appendix,  containing  Instruc- 
Cns  for  Boiler  Making,  Mensuration  of  Surfaces  ^^^  Solid^  ^^les  for 
Calculating  the  Weights  of  different  F'gu^es  of  Iron  and  Steel,  Tables 
of  tbe  Weights  of  Iron,  Steel,  etc.  Illustrated  by  32  Plates  and  37 
Wood  Engravings.    Svo *''•"" 
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WARNER.— Tfew  Theorems,  Tables,  and  Diagrams 
for  the  Com.putation  of  Earth-Work : 

Designed  for  the  use  of  Engineers  in  Preliminary  and  Final  Estimates, 
of  Students  in  Engineering,  and  of  Contractors  and  other  non-profes- 
sional Computers.  In  Two  Parts,  with  an  Appendix..  Part  I. — A. 
Practical  Treatise  ;  Part  II. — A  Theoretical  Treatise ;  and  the  Appen- 
dix. Containing  Notes  to  the  Rules  and  Examples  of  Part  I. ;  Expla- 
nations of  the  Construction  of  Scales,  Tables,  and  Diagrams,  and  a 
Treatise  upon  Equivalent  Square  Bases  and  Equivalent  Level  Heights. 
The  whole  illustrated  by  numerous  originar  Engravings,  comprising 
Explanatory  Cuts  for  Definitions  and  Problems,  Stereometric  Scales 
and  Diagrams,  and  a  Series  of  Lithographic  Drawings  from  Models, 
showing  all  the  Combinations  of  Solid  Forms  which  occur  in  Railroad 
Excavations  and  Embankments.  By  John  Waknek,  A.  M.,  Mining 
and  Mechanical  Engineer.    8vo $6.00 

WATSOW.— A  Manual  of  the  Hand-Lathe: 

Comprising  Concise  Directions  for  working  Metals  of  all  kinds,  Ivory, 
Bone  and  Precious  Woods ;  Dyeing,  Coloring,  and  French  Polishing ; 
Inlaying  by  Veneers,  and  various  methods  practised  to  produce  Elabo- 
rate work  with  Dispatch,  and  at  Small  Expense.  By  Egbekt  P. 
"Watson,  late  of  "  The  Scientific  American,"  Author  of  "  The  Modern 
Practice  of  American  Machinists  and  Engineers."  Illustrated  by  78 
Engravings $1.50 

WATSON. — The  Modern  Practice  of  American  Ma- 
chinists and  Engineers: 
Including  the  Construction,  Application,  and  Use  of  Drills,  Lathe 
Tools,  Cutters  f6r  Boring  Cylinders,  and  Hollow  Work  Generally, 
with  the  most  Economical  Speed  for  the  same  ;  the  Results  verified  by  ' 
Actual  Practice  at  the  Lathe,  the  Vice,  and  on  the  Floor.  Together 
with  Workshop  Management,  Economy  of  Manufacture,  the  Steam- 
Engine,  Boilers,  Gears,  Belting,  etc.,  etc.  By  Egbekt  P.  Watson, 
late  of  the  "  Scientific  American."  Illustrated  by  86  Engravings.  In 
one  volume,  12mo $2.50 

Watson.— The  Theory  and  Practice  of  the  Art  of 
Weaving  by  Hand  and  Power : 

With  Calculations  and  Tables  for  the  use  of  those  connected  with  the 
Trade.  By  John  Watson,  Manufacturer  and  Practical  Machine 
Maker.  Illustrated  by  large  Drawings  of  the  best  Power  Looms. 
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WEATHERLY.— Treatise  on  the  Art  of  Boiling  Su- 
gar, Crystallizing,  Lozenge-making,  Comfits,  Gum 
Goods. 
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WEDDING.— The  Metallurgy  of  Iron; 

Theoretically  and  Practically  Considered.  By  Dr.  Hermann  Wed- 
ding, Professor  of  the  Metallurgy  of  Iron  at  the  Royal  Mining 
Academy,  Berlin.  Translated  by  Julius  Du  Mont,  Bethlehem,  Pa. 
Illustrated  by  207  Engravings  on  Wood,  and  three  Plates.  In  one 
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WILL. — Tables  for  Qualitative  Chemical  Analysis. 

By  Professor  Hkinrich  Will,  of  Giessen,  Germany.  Seventh  edi- 
tion. Translated  by  Charles  P.  Himes,  Ph.  D.,  Professor  of  Natu- 
ral Science,  Dickinson  College,  Carlisle,  Pa.         .        .        .  $1.50 

WILLIAMS.— On  Heat  and  Steam: 

Embracing  New  Views  of  Vaporization,  Condensation,  and  Explosions. 
By  Charles  Wye  Williams,  A.  I.  C.  E.    Illustrated.    8vo.      $3.50 

WOHLER. — A  Hand-Book  of  Mineral  Analysisl 

By  F.  WoHLER,  Professor  of  Chemistry  in  the  Univer.siiy  of  Gottin- 

fen.    Edited  by  Henry  B.  Nason,  Professor  of  Chemistry  in  the 
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